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SUMMARY OF PROCEEDINGS 


OF THE 
FORTY-EIGHTH ANNUAL MEETING 


New York, N. Y., June 27, 1945 Oo - 


The following Summary records the action taken by the Society at the Annual 
Meeting on the Recommendations Affecting Standards appearing in the annual 
In the individual committee reports atten- 
tion is called through an editorial footnote to any modifications of the recom- 
mendations or where the recommendations of the committee were not approved. 
In all other instances it is to be understood that the recommendations were 
approved as submitted by the committee. 
tentatives are published in the 1945 Supplement to Book of A.S.T.M. Standards, 
PartsI,II,and III. Except as noted, the reports and paper appear in this volume. 


reports of the standing committees. 


This summary of the Forty-eighth 
Annual Meeting of the American Society 
for Testing Materials, held at the Hotel 
Pennsylvania, New York, N. Y., June 27, 
1945, is a record of the transactions of 
the meeting including the actions taken 
on the various recommendations sub- 
mitted by the standing committees. 
Due to restrictions on travel resulting 
rom recommendations of the Office of 
Defense Transportation, the program for 
the Annual Meeting had been confined 
to the transaction of necessary Society 
business which could be completed ina 
single session. The meeting was called 
to order at 2 p.m. with President P. H. 
Bates in the chair. 

The registered attendance of the meet- 
ing is as follows: Members present or 
represented, 90; guests, 3; total, 93. 

There were 43 reports presented. The 
record with respect to each report has 
been briefed, the recommendations in 
the reports having been grouped to show 
frst those matters that were approved 
for reference to letter ballot of the So- 
ciety, which comprise the adoption of 


The new and revised standards and 


tentatives as standard and the adoption 
of revisions in standards. Accordingly, 
wherever the action is reported as 
“Adopted as Standard” or “Adopted as 
Standard, Revisions in” it is understood 
that this indicates approval of the An- 
nual Meeting for reference to letter ballot 
of the Society. The various recom- 
mendations so recorded are included in 
the 1945 Letter Ballot.' 

Actions affecting tentatives were taken 
by Committee E-10 on Standards at a 
meeting held in the morning preceding the 
Annual Meeting. The actions taken by 
Committée E-10 were reported to the 
Society and, for the sake of convenience, 
the various recommendations are listed in 
this summary in connection with the re- 
port of the committee submitting such 
recommendations, each group being des- 
ignated by an asterisk (*). On certain of 
the submittals to Committee E-10 action 
was deferred pending completion of the 


1 The 1945 letter ballot on amendments of Society By- 
laws and on recommendations affecting A.S.T.M. stand- 
ards, distributed to the Society membership, was can- 
vassed on September 15, 1945 and all actions were 
approved. 


letter ballot vote in the originating com- 
mittee. Such items are included in this 
summary with appropriate notation. 


Opening Remarks by President Bates 


President P. H. Bates extended a very 
cordial welcome to the members and 
guests in opening the Forty-eighth 
Annual Meeting of the Society. He 
stated that, while the program for the 
meeting had been reduced to a minimum, 
the Society had had a very successful 
year as evidenced by the progress and 
accomplishments in its standardization 
and research activities which are covered 
in detail in the many reports to be pre- 
sented at this Annual Meeting, and also 
in the numerous Annual Meeting papers 


published or to be issued later in the 


year? 


4 Minutes of Forty-seventh Annual Meeting 
The Minutes of the Forty-seventh 

Annual Meeting were approved as pub- 

lished in the 1944 Proceedings.* 


_ Executive Committee 
This report, presented by Secretary- 
Treasurer C. L. Warwick, covered a re- 
of membership, publications, fi- 
nances, new headquarters, and adminis- 
trative matters dealing with committee 
activities and the Society’s relations 
with various other organizations, 
- Reference was made to important new 
developments growing out of critical ex- 
amination of Society problems by the 
Special Study Committee, including ex- 
tension of work in the standardization of 
tests and specifications for ultimate con- 
sumer goods; the study, development, 
_" standardization of methods of test 
of simple or composite materials in 
actual or simulated service conditions; 
- and changes in methods of publication 
of technical papers. The Secretary- 


# See list of technical papers on p. 12. 
® Summary of Proceedings of the Forty-seventh Annual 
Meeting; Proceedings, Am. Soc. Testing Mats., Vol. 44, 
1 (1944), 
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Treasurer described in some detail the 
changes in the administration of Society 
affairs which involve the establishment 
of a Board of Directors as the governing 
body of the Society, and require amend- 
ments of the charter and by-laws of the 
Society. 


Proposed Amendment of Society By-laws 


The proposed Amendments of the By- 
laws submitted to the Society under 
date of May 25, 1945, through Letter 
Circular to Members No. 264, and recom- 
mended by the Executive Committee for 
approval, were then on motion approved 
for reference to a letter ballot vote of 
the Society for adoption.‘ 


Proposed Amendment of Society Charter 


The Secretary-Treasurer called the 
attention of the meeting to the fact, as 
noted in the Report of the Executive 
Committee, that the proposed substitu- 
tion of a Board of Directors for an Execu- 
tive Committee as the governing body 
of the Society will necessitate an amend- 
ment of the charter of the Society which, 
in turn, requires court approval under 
the provisions of the laws of the Com- 
monwealth of Pennsylvania. In accord- 
ance with those provisions, the Secretary- 
Treasurer offered on behalf of the Execu- 
tive Committee the following resolution: 


RESOLUTION 


Wuereas, the annual meeting of the Society 
has voted to refer certain amendments of the 
By-laws of the Society to a letter ballot of the 
entire membership in accordance with the terms 
of Article X of the By-laws; and 

Wuereas, these amendments include, inter 
alia, a proposal to substitute a Board of Di- 
rectors for an Executive Committee as the body 
in which the general management of the So- 
ciety will be vested; and 

Wuereas, the Charter of the Society specif- 
ically names an Executive Committee in which 
such management shall be vested; and 


4 The amended By-laws were approved by letter ballot 
vote of the Society canvassed on September 15, 1945. e 
By-laws as revised are published in the 1945 A.S.T.M. 
Year Book, p. 433. 
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FoRTY-EIGHTH ANNUAL MEETING 


WHEREAS, amendment of Sections 6 and 8 
of the Charter is necessary before the related 
amendments of the By-laws may become efifec- 
tive; and 

WHEREAS, such purpose may be effected by 
changing Sections 6 and 8 of the Charter to read 
as follows: 

“Section 6. The management of the said 
corporation shall be vested in a Board of Di- 
rectors, consisting of the President, two Vice- 
Presidents, fifteen Directors, and the last three 
Past-Presidents continuing to be members, and 
such other officers as the corporation may from 
time to time appoint.” 

“Section 8. The By-laws of this corporation 
shall be admitted and taken to be its laws sub- 
ordinate to the statute aforesaid; this charter; 
Constitution and Laws of the Commonwealth 
of Pennsylvania, and the Constitution of the 
United States; they shall be altered and amended 
as provided for by the By-laws themselves; and 
shall prescribe the powers and functions of the 
Board of Directors herein mentioned and those 
to be hereafter elected, the times and places of 
meetings of the Board and this corporation; the 
number of members who shall constitute a 
quorum at the meetings of the corporation, and 
the Board; the qualifications and manner of 
electing members; the manner of electing officers; 
and the powers and duties of such officers; and 
all other concerns and internal arrangements 
of the said corporation.” 


Now, Therefore, Be It 


RESOLVED, that the American Society for 
Testing Materials in annual meeting assembled, 
after due and legal notice in accordance with 
the laws of the Commonwealth of Pennsylvania, 
approves the above proposed amendments of 
Sections 6 and 8 of the Charter of the Society 
and authorizes the President to present to the 
court appropriate Articles of Amendment to 
the Charter and to take such further action as 
may be required by the laws of the Common- 
wealth of Pennsylvania to effectuate the afore- 
said amendments to the Charter. 


It was explained that the members of 
the Society had been informed in Letter 
Circular No. 264 that this resolution 
would be offered at the Annua] Meeting, 
and an opportunity had been given to 
members unable to attend the Annual 
Meeting to express a vote on the resolu- 
tion. The Secretary-Treasurer reported 
that 1935 ballots had been received from 


the members, of which 1930 were affirma- 
tive and 5 negative. 

The meeting then adopted the above | 
quoted resolution without a dissenting 
vote. 

On motion, the Report of the Execu- 
tive Committee was accepted for publi-— 
cation in the Proceedings of the Society. 


Committee A-1 on Steel 


Report presented by title. 


Committee A-2 on Wrought Iron 
Report presented by the chair and the follow- 

ing action taken: 

Adopted as Standard, Revisions in: 

Spec. for Welded Wrought Iron Pipe (A 72 — 39) 


Committee A-5 on Corrosion of Iron and 
Steel 


Report presented by title, including a de- 
tailed summary of the latest inspections of the 
field tests of wire and wire products, with the | 
following recommendation: 


Editorial Change Accepted in: 


Test for Uniformity of Coating by the Preece | 
Test (Copper Sulfate Dip) on Zine Coated 
(Galvanized) Iron or Steel Articles (A 239 -—— 
41), comprising a change in Section 1 on Scope - 
replacing the words, “pipe and tubing” by — 
“electrical metallic tubing and rigid conduit 
pipe.” 


Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel and Related Alloys 


Report presented by title. 


Committee B-1 on Copper and Copper Alloy 
Wires for Electrical Conductors 


Report presented by J. H. Foote, chairman, 
and the following actions taken: 


Adopted as Standard, Revisions in: 


Spec. for Soft or Annealed Copper Wire (B 3 - 
41) 
Spec. for Tinned Soft or Annealed Copper Wire 
for Electrical Purposes (B 33 — 39) 
Spec. for Soft Rectangular and Square Copper 
Wire for Electrical Conductors (B 48 — 42) 
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Accepted as Tentative, Revisions in:* 


- Spee. for Rope-Lay-Stranded Copper Conduc- 
tors Having Bunch-Stranded Members, for 
Electrical Conductors (B 172 42 T) 

_ Spec. for Rope-Lay-Stranded Copper Con- 
ductors Having Concentric-Stranded Mem- 
bers for Electrical Conductors (B 173 - 42 T) 
_ Spec. for Bunch-Stranded Copper Conductors 
_ for Electrical Conductors (B 174 - 42 T) 
~ Spec. for Lead-Coated and Lead-Alloy-Coated 
Soft Copper Wire for Electrical Purposes 
(B 189 - 44 T) 
The following recommendation was presented 
- to Committee E-10, but action was deferred 
pending completion of letter ballot vote in 
Committee B-1:5 


Proposed Revisions in Tentative: 


Test for Resistivity of Copper and Copper- 
Alloy Electrical Conductors (B 193 — 44 T) 


- Committee B-2 on Non-Ferrous Metals and 
Alloys 


Report presented by title. 


Committee B-3 on Corrosion of Non-Ferrous 
Metals and Alloys 


Report presented by title. 
Committee B-4 on Electrical-Heating, Elec- 


trical-Resistance and Electric-Furnace 
Alloys 


Report presented by Dean Harvey, chairman, 
and the following actions taken :* 


Adopted as Standard, Revisions in: 


Test for Temperature-Resistance Constants of 
Alloy Wires for Precision Resistors (B 84 - 
36), comprising the addition of the following 
paragraph to Section 7: 

In an automatically controlled bath, the 
temperature of the bath at any time during 
the test at any temperature level shall not dif- 
fer from its mean temperature by more than 
0.2 C. In a manually controlled bath, the 
rate of change of temperature shall not ex- 
ceed 0.2 C. per min. 

_ Test for Temperature-Resistance Constants of 

Sheet Materials for Shunts and Precision 


* These recommendations were accepted by Committee 
E-10 on Standards. 

5 This recommendation was approved by Committee 
am and accepted by Committee E-10 on January 14, 
(1946. 

6These recommendations, not preprinted, were ac- 
cepted by unanimous consent, subject to favorable letter 
ballot of Committee B-4, which ballot has been favorable 
and the results are given in the report of the committee, 
see p. 108, 


4 : SUMMARY OF PROCEEDINGS 


Resistors (B 114-.39), comprising the addi- 
tion to Section 6 of the same paragraph as 
given above for Method B 84. 


Editorial Changes Accepted in: 


Test for Change of Resistance with ‘Tempera- 
ture of Metallic Materials for Electrical Heat- 
ing (B 70-39), comprising the following 
changes in Section 5(b): In the third line 
substitute “power lost in” for “energy liber- 
ated.” Also in the last sentence replace 
“energy” by “power” and under the formula 
add “W = power loss in watts.” 

Test for Thermoelectric Power of Electrical- 
Resistance Alloys (B 77-33), making Sec- 
tions 6 (a), (b), and (c) read as follows: . 

(a) The method in which a potentiometer 
is used to compare the unknown emf. with 
that of a standard cell. 

(b) The method in which the unknown enf. 
is equated to the difference of potential be- 
tween the terminals of a standard resistor 
when a measured current flows through it. 

(c) The method in which the emf. is meas- 
ured by the deflection of a suitable measuring 
instrument. 

It was announced that Committee B-4 would 
present revisions in a number of tentatives to 
the Society through Committee E-10 subsequent 
to the annual meeting. 


Committee B-5 on Copper and Copper Alloys, 
Cast and Wrought 


Report presented by G. H. Harnden, chair- 
man, and the following actions taken: 


Adopted as Standard: 


Classification of Cast Copper-Base Alloys 
(B 119 — 40 T), as revised 

Spec. for Copper-Base Alloy Forging Rods, 
Bars, and Shapes (B 124 - 44 T) 

Spec. for Brass Wire (B 134 — 44 T), as revised 

Test for Expansion (Pin Test) of Copper and 
Copper-Alloy Tubing (B 153-41), as re- 
vised 

Method of Mercurous Nitrate Test for Copper 
and Copper Alloys (B 154-41 T), as revised 

Spec. for Copper-Alloy Condenser Tube Plates 
(B 171 - 42 T), as revised 


Adopted as Standard, Revisions in: 


Spec. for Copper Bars for Locomotive Staybolts 
(B 12 - 42) 

Spec. for Free-Cutting Brass Rod and Bar for 
Use in Screw Machines (B 16 - 44) 

Spec. for Copper Pipe, Standard Sizes (B 42- 
43) 

Spec. for Brass Pipe, Standard Sizes (B 43 - 42) 
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Spec. for Seamless Copper Tubing, Bright 
Annealed (B 68 — 43) 

Spec. for Copper Water Tube (B 88 - 41) 

Spec. for Copper-Silicon Alloy Rods, Bars, and 
Shapes (B 98 — 44) 

Spec. for Copper-Silicon Alloy Wire for General 
Purposes (B 99 — 42) 

Spec. for Copper and Copper-Alloy Seamless 
Condenser Tubes and Ferrule Stock (B 111 - 
43) 

Spec. for Manganese Bronze Rods, Bars, and 
Shapes (B 138 — 43) 

Spec. for Leaded Red Brass (Hardware Bronze) 
Rods, Bars and Shapes (B 140 - 43) 


Accepted as Tentative:* 


Spec. for Beryllium-Copper Alloy Strip 

Spec. for Beryllium-Copper Alloy Strip, Special 
Grade 

Spec. for Beryllium-Copper Alloy Rod and Bar 

Spec. for Beryllium-Copper Alloy Wire 

Spec. for Copper-Silicon and Copper-Silicon- 
Zinc Alloy Sand Castings 


Accepted as Tentative, Revisions in:* 


Spec. for Naval Brass Rods, Bars, and Shapes 
(B 21 - 44 T) 

Spec. for Bronze Castings for Turntables and 
Movable Bridges and for Bearing and Ex- 
pansion Plates of Fixed Bridges (B 22 - 44 T) 

Spec. for Copper-Base Alloys in Ingot Form for 
Sand Castings (B 30 - 44 T) 

Spec. for Seamless ‘Copper Tubes (B 75 - 43 T) 

Spec. for Copper-Nickel-Zinc and Copper-Nickel 
Alloy Sheet and Strip (B 122 - 42 T) 

Spec. for Copper Rods, Bars, and Shapes 
(B 133 - 44 T) 

Spec. for Miscellaneous Brass Tubes (B 135 - 
43 T) 

Spec. for Phosphor Bronze Rods, Bars, and 
Shapes (B 139 —- 44 T) 

Spec. for High-Leaded Tin-Bronze Sand Cast- 
ings (B 144 - 44 T) 

Spec. for Leaded Red Brass and Leaded Semi 
Red Brass Sand Castings (B 145 - 44 T) 

Spec. for Leaded Yellow Brass Sand Castings 
for General Purposes (B 146 - 44 T) 

Spec. for Aluminum-Bronze Sand Castings 
(B 148 - 44 T) 

Spec. for Aluminum Bronze Rods, Bars, and 
Shapes (B 150 - 44 T) 

Spec. for Copper-Nickel-Zinc Alloy Rod, Bar, 
and Wire (B 151 - 44 T) 

Spec. for Copper Sheet, Strip, and Plate (B 152 - 
44 T) 

Spec. for Phosphor Bronze Wire (B 159 - 44 T) 

Spec. for Copper Bus Bars, Rods, and Shapes 
(B 187 - 44 T) 


Spec. for Copper Bus Pipes and Tubes (B 188 - 
44 T) 


Withdrawal of Standard and Tentative:* 


Spec. for Phosphor Tin (B 51 - 42) 
Spec. for Beryllium-Copper Alloy Rods, Bars, 
Sheet, Strip, and Wire (B 120 - 41 T) 


Committee B-6 on Die-Cast Metals and 
Alloys 


Report presented by title. 


Report of Committee B-7 on Light Metals 
and Alloys, Cast and Wrought 


Report, including the appended paper by J. 
D. Edwards on “A Comparison of the Perform- 
ance of Anodic Coatings Exposed to Salt Spray 
and to the Weather” was presented by the chair 
and the following actions taken: 


Adopted as Standard: 


Test for Sealing of Anodically Coated Alumi- 
num (B 136-40 T) 

Test for Weight of Coating on Anodically Coated 
Aluminum (B 137 - 40 T) 

Test for Dielectric Strength of Anodized 
Aluminum (B 110-397), with revision in 


title 
Adopted as Standard, Revisions in: 


Spec. for Magnesium-Ingot and Stick for Re- 
melting (B 92 - 41) 


Accepted as Tentative:* 


Spec. for Magnesium-Base Alloy Permanent 
Mold Castings 


Accepted as Tentative, Revisions in:* 


Spec. for Magnesium-Base Alloy Sand Cast- 
ings (B 80-44 T) 

Spec. for Magnesium-Base Alloy Sheet (B 90 - 
44 T) 

Spec. for Magnesium-Base Alloy Forgings 
(B 91 - 44 T) 

Spec. for Magnesium-Base Alloys in Ingot Form 
for Sand Castings and Die Castings (B 93 - 
44 T) 

Spec. for Magnesium-Base Alloy Bars, Rods, 
and Shapes (B 107 - 44 T) 


Report of Committee B-8 on Electrode- 
posited Metallic Coatings 


Report presented by C. H. Sample, secretary, 


and the following actions taken: 
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Adopted as Standard: 


Spec. for Electrodeposited Coatings of Nickel 
and Chromium on Copper and Copper-Base 
Alloys (B 141-41), as revised 
The following recommendations were pre- 

sented to Committee E-10, but action was 

deferred pending completion of letter ballot 

vote in Committee B-8:7 


Proposed Tentatives: 

Spec. for Electrodeposited Coatings of Lead 
on Steel, formerly Emergency Specifications 
ES - 31 

Spec. for Chromate Finishes on Electrodeposited 
Zinc, Hot-Dipped Galvanized, and Zinc Die- 
Cast Surfaces 


Proposed Revisions in Tentatives: 


Spec. for Electrodeposited Coatings of Nickel 
and Chromium on Steel (A 166-41 T) 

Test for Local Thickness of Electrodeposited 
Coatings (A 219 - 40 T) 

Spec. for Electrodeposited Coatings of Nickel 
and Chromium on Zinc and Zinc-Base Alloys 
(B 142 - 41 T) 

Rec. Practice for Chromium Plating on Steel for 
Engineering Use (B 177 — 43 T) 


Joint Committee on Filler Metal 


Report presented by title. 


Research Committee on Fatigue of Metals 
Report presented by title. 

Joint Research Committee on Effect of Tem- 
perature on the Properties of Metals 
Report presented by title. 


Committee C-1 on Cement 


Report presented by title, with the following 
recommendations: 


Accepted for Publication as Information Only: 


Proposed Spec. for Portland Blast-Furnace Slag 
Cement. 

Proposed Method of Test for Fineness of Port- 

land Cement by the Air Permeability Ap- 


paratus 


7 These recommendations were approved by Com- 
mittee B-8 and accepted by Committee E-10, on August 


Committee C-4 on Clay Pipe 
Report presented by title. 


SUMMARY OF 


_ Accepted as Tentative, Revisions in:* 


PROCEEDINGS 
Committee C-5 on Fire Tests of Materials 
and Construction 
Report of Committee C-7 on Lime 
Report presented by title, and the following 
actions taken: 


Report presented by title. 


Methods of Chemical Analysis of Limestone, 
Quicklime, and Hydrated Lime (C 25 - 44) 

Methods of Physical Testing of Quicklime and 
Hydrated Lime (C110-38T), with the 
addition of the following explanatory note 
to the section on calculation of unhydrated 
oxides: 

Note 3.—It is recognized that the results 
of the above method of computation may not 
be in strict accord with the actual composition 
of the material. Experience indicates, how- 
ever, that these results provide an index to 
the performance of the material in practice. 
The value obtained by this computation shall 
be reported to the nearest 0.5 per cent. 


Report of Committee C-8 on Refractories 


Report presented, in the absence of the chair- 
man, by R. B. Sosman, and the following actions 
taken: 


Adopted as Standard: 


Method of Panel Test for Resistance to Thermal 
and Structural Spalling of Fireclay Plastic 
Refractories (C 180 - 43 T) 

Test for Workability Index of Fireclay Plastic 
Refractories (C 181 — 43 T) 


Adopted as Standard, Revisions in: 


Methods of Chemical Analysis of Refractory 
Materials (C 18 - 41) 

Method of Panel Test for Resistance to Thermal 
and Structural Spalling of Refractory Brick 
(C 38 - 42) 

Definitions of Terms Relating to Refractories 
(C 71 - 42) 

Method of Panel Test for Resistance to Thermal 
and Structural Spalling of High Heat Duty 
Fireclay Brick (C 107 — 42) 

Method of Panel Test for Resistance to Thermal 
and Structural Spalling of Super Duty 
Fireclay Brick (C 122 - 42) 


Committee C-9 on Concrete and Concrete 
Aggregates 


An informal progress report was presented 
to the Executive Committee. =| 
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Committee C-12 on Mortars for 
Masonry 
= 


Unit 


Report presented by title. _ 


Committee C-14 on Glass and Glass 
Products 


The following recommendation was accepted 


by Committee E-10: 


Committee C-15 on Manufactured Masonry 
Units 


Report presented by title. The following 
recommendation was presented to Committee 
E-10, but action was deferred pending comple- 
tion of letter ballot vote in Committee C-15:* 


Accepted as Tentative, Revision in:* 
Def. of the Term Glass (C 162 - 41 T) 


Proposed Revision in Tentative: 


Spec. for Vitrified Clay Filter Block for Trickling 
Filters (C 159 - 41 T) 


Committee C-16 on Thermal Insulating 
Materials 


Report presented by E. T. Cope, chairman, 
and the following actions taken: 


Adopted as Standard: 


Test for Compressive Strength of Preformed 
Block Type Thermal Insulation (Identical 
with compressive strength test in Method 
C 165 - 41 T) 

Test for Covering Capacity and Volume Change 
Upon Drying of Thermal Insulating Cement 
(C 166 - 41 T), as revised 

Test for Thermal Conductivity of Materials by 
Means of the Guarded Hot Plate (C 177 - 
42 T), as revised 


Accepted as Tentative:* 


Test for Flexural Strength of Preformed Block 
Type Thermal Insulation (Formerly part of 
Method C 165 - 41 T) 


Accepted as Tentative, Revisions in:* 


Spec. for Mineral Wool Thermal Insulating 
Cement (C 195 - 44 T) 


Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products 


Report presented by C. H. Rose, secretary 
and the following actions taken: 


* This recommendation was angers by letter ballot 
of Committee C-15 and accept y Committee E-10 on 
July 24, 1945. 


Adopted as Standard: 


Method for Evaluating the Degrée of Resistance 
to Blistering of Organic Coatings on Metal 
When Subjected to Immersion or Other Tests 
Involving Exposure to Moisture or Liquids 
(D 714 - 43 T) 

Methods of Analysis of Barium Sulfate Pigments 
(D 715 - 43 T) 

Methods of Analysis of Mica Pigment (D 716 - 
43 T) 

Methods of Analysis of Magnesium Silicate 
Pigment (D 717 - 43 T) 

Methods of Analysis of Aluminum Silicate 
Pigment (D 718 - 43 T) 

Methods of Analysis of Diatomaceous Silica 
Pigment (D 719 - 43 T) 


Adopted as Standard, Revisions in: 

Test for Coarse Particles in Pigments, Pastes, 
and Paints (D 185 — 37) 

Spec. for Butanol (Normal Butyl Alcohol) 
(D 304 40) 

Spec. for Zinc Sulfide Pigments (D 477 - 41) 


Editorial Change Accepted in: 
Methods of Sampling and Testing Lacquer 

Solvents and Diluents (D 268 - 44) 

The following recommendations were pre- 
sented to Committee E-10, but action was 
deferred pending completion of letter ballot 
vote in Committee D-1:" 


Proposed Tentatives: 


Method of Evaluating Degree of Resistance of 
Traffic Paint to Abrasion, Erosion, or a 
Combination of Both, in Road Service Tests 

Rec. Practice for Operating Light and Water 
Exposure Apparatus (Carbon-Arc Type) for 
Testing Paint, Varnish, Lacquer, and Re- 
lated Products 

Methods for Producing Films of Uniform Thick- 
ness of Paint, Varnish, Lacquer, and Related 
Products on Test Panels 


Proposed Revisions in Tentatives: 

Test for Phthalic Anhydride Content of Alkyd 
Resin Solutions (D 563 - 43 T) 

Method of Preparation of Steel Panels for Ex- 
posure Tests of Enamels for Exterior Service 
(D 609 — 41 T) 

Proposed Tentative Revisions of Standards: 

Methods of Chemical Analysis of White Pig- 
ments (D 34 - 39) 

Spec. for Lampblack (D 209 - 41) 


* This recommendation appeared in the preprinted re- 
port as a revision of the standard for immediate adoption. 


19 These recommendations were approved by Com- 
mittee D-1 and accepted by Committee E-10 on August 
27, 1945. 
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3 _ SUMMARY OF 
Spec. for Bone Black (D 210 - 41) 
Spec. for Pure Chrome Green (D 212 - 41) 


Spec. for Prussian Blue (D 261 - 41) 

. for Ultramarine Blue (D 262 - 41) 

Spec. for Chrome Oxide Green (D 263 - 41) 

. for Titanium Dioxide Pigments (D 476 - 


Spec. for Carbon Black (D 561 - 41) 
Test for Consistency of Exterior House Paints 

and Enamel-Type Paints (D 562 - 44) 

The recommendation for adoption as stand- 
ard of the Tentative Specifications for Oiticica 
Oil (Permanently Liquid) (D 601 - 41 T) which 
appeared in the preprinted report was with- 
drawn by the Committee. 


Committee D-2 on Petroleum Products and 
Lubricants 


Report presented by T. A. Boyd, chairman, 
and the following actions taken: 


Adopted as Standard, Revisions in: 


Test for Distillation of Gasoline, Naphtha, 
Kerosine, and Similar Petroleum Products 
(D 86 - 40) 

Test for Flash and Fire Points by Means of 
Open Cup (D 92 - 33) 

Test for Saponification Number of Petroleum 
Products by Color-Indicator Titration (D 94 - 
44) 

‘Test for Knock Characteristics of Motor Fuels 
(D 357 44) 

Test for Carbonizable Substances in White 
Mineral Oil (Liquid Petrolatum) (D 565 - 43) 

Test for Carbonizable Substances in Paraffin 


Wax (D 612 - 43) 
Accepled for Publication as Information Only: 


Proposed Method of Test for Maximum Pour 
Points of Lubricating Oils Containing Pour 
Point Depressants 

Proposed Method of Test for Total Olefinic and 
Aromatic Hydrocarbons in Gasoline 


Accepled as Tentative:* 
Method of Analysis of Petroleum Sulfonates 


Accepted as Tentative, Revisions in:* 

Test for Color of Lubricating Oil and Petrolatum 
by Means of A.S.T.M. Union Colorimeter 
(D 155 - 39 T) 

A report of Technical Committee A on Gaso- 
line, containing proposed revisions in the 
requirements for the exhaust system in the 
C.F.R. engine in Section A10 of the Standard 
Method of Test for Knock Characteristics of 
Motor Fuels (D 357 — 44) and in the Tentative 
Method of Test for Knock Characteristics of 


PROCEEDINGS 


Aviation Fuels (D 614 - 44 T), and also a change 
in the requirements for mixture heater assembly 
in Section A5 of Method D 357, was accepted 
for publication as an appendix to the Report of 


Committee D-2. 


Committee D-3 on Gaseous Fuels 
Report presented by title. 


Committee D-5 on Coal and Coke 
Report presented by the chair, and the fol- 

lowing actions taken: 

Adopted as Standard: 


Method of Tumbler Test for Coal (D 441- 
37 T), as revised 


Accepted as Tentative, Revisions in:* 


Methods of Laboratory Sampling and Analysis 
of Coal and Coke (D 271 - 44) 


Committee D-6 on Paper and Paper Products 


Report presented by G. H. Harnden, secre- 
tary, and the following actions taken: 


Adopted as Standard: 

Method of Turpentine Test for Grease Resist- 
ance of Paper (D 722 - 43 T) 

Test for Degree of Staining of Paper by Alkali 
(D 723 - 43 T) 

Test for Surface Wettability of Paper (Angle- 
of-Contact Method) (D 724 - 43 T) 

Test for Wire and Felt Sides of Paper (D 725 - 
43 T) 

Test for Kerosine Number of Roofing and Floor- 
ing Felt by the Vacuum Method (D 727 - 
43 T) 


Accepted for Publication as Information Only: 


Proposed Methods of Test for Smoothness of — 
Paper 


Accepted as Tentalive:* 

Test for Ply Adhesion of Paper or Vulcanized 
Fibre 

Test for Absorption by Bibulous Papers of Wate . 
and Writing Ink 

Test for Degree of Wet Curl of Paper 

Test for Water Vapor Permeability of Sheet | 
Materials at Elevated Temperature and 
Humidity 

Test for Edge Tearing Strength of Paper 

Test for Tensile Breaking Strength of Paper and 
Paper Products 

Test for Wet Tensile Breaking Strength of Paper 
and Paper Products 


Committee D-7 on Wood 


Report, including the paper on “Methods 
Used for the Measurement of the Moisture 
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Content of Wood” prepared by M. E. Dunlap, 
was presented by L. J. Markwardt, Secretary. 


appearing in the preprinted report in the Stand- 
ard Definitions of Terms Relating to Timber 
(D9-30) had been withdrawn by the com- 
mittee. 

The following recommendation was presented 
to Committee E-10, but action was deferred 
pending completion of letter ballot vote in 
Committee 


It was announced that the proposed revisions 


Proposed Revision in Tentative: 


Methods of Testing Plywood, Veneer, and Other 
Wood and Wood-Base Materials (D 805 - 
44 T) 


Committee D-9 on Electrical Insulating 
Materials 


Report presented by W. A. Zinzow, secretary, 
and the following actions taken: 


Adopted as Standard, Revisions in: 

Test for Insulation Resistance of Electrical 
Insulating Materials (D 257 - 38) 

Methods of Testing Flexible Varnished Tubing 
Used for Electrical Insulation (D 350 - 43) 


Accepted for Publication as Information Only: 
Proposed Methods of Testing Askarels 


Accepted as Tentative:* 
Test for Gas Content of Insulating Oils 


Accepted as Tentative, Revisions in:* 


Methods of Testing Molded Materials Used for 
Electrical Insulation (D 48 - 43 T) 

Methods of Testing Electrical Insulating Oils 
(D 117 - 43) 

Test for Power Factor and Dielectric Constant 
of Electrical Insulating Materials (D 150- 
44 T) 


Methods of Sampling and Testing Untreated 

Paper Used in Electrical Insulation (D 202 - 
44 T) 

Spec. for Flexible Treated Cotton and Rayon 
Sleeving Used in Electrical Insulation (D 372 - 
44 T) 

Methods for Conditioning and Classifying for 
Conditioning Plastics and Electrical Insulat- 
ing Materials for Testing (D 618-44T), 
jointly with Committee D-20 on Plastics 

Spec. for Natural Block Mica and Mica Films 
Suitable for Use in Fixed Mica-Dielectric 
Capacitors (D 748 - 43 T) 

Method of Flexural Test of Plastics (D 790- 
44 T) 

This recommendation was approved by Committee 

D-7 and accepted by Committee E-10 on August 14, 1945. 
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It was announced that the proposed revisions 
appearing in the preprinted report in the Tenta- ; 
tive Method of Testing Varnished Cloths and — 
Varnished Cloth Tapes Used in Electrical In- 
sulation (D 295 - 44 T) had been withdrawn by 
the committee. 


Committee D-10 on Shipping Containers 
Report presented by title. 


Committee D-11 on Rubber and Rubber- 
Like Materials 


Report presented by the chair and the 
following actions taken: 


Adopted as Standard, Revisions in: 


Test for Accelerated Aging of Vulcanized Rub- 
ber by the Oven Method (D 573 - 42) 


Accepted as Tentative:* 


Spec. for Natural Rubber Cups for Use in Hy- 
draulic Actuating Cylinders 

Rec. Practice for Conditioning of Rubber and 
Plastic Materials for Low-Temperature Test-_ 
ing 

Methods of Identification and Quantitative 
Analysis of Synthetic Elastomers 


Committee D-12 on Soaps and Other De- 
tergents 


Report presented by the chair and the fol- 


lowing actions taken: 


Adopted as Standard: 


Test for Water-Immiscible Organic Solvents | 
Volatile with Steam in Sulfonated and Sulfated — 
Oils (D 500 - 43 T) 


Spec. for Tetrasodium Pyrophosphate (An- 
hydrous) (D 595 — 44 T) i 
Spec. for Liquid Toilet Soap (D 799 — 44 T) 
Methods of Chemical Analysis of Industrial 
Metal Cleaning Compositions (D 800 - 44 T) 
Committee D-13 on Textile Materials 
Report presented by H. J. Ball, chairman, 
and the following actions taken: 


Adopted as Standard: 


Def. of Terms Relating to Textile Materials 
(D 123 - 44 T), comprising definitions of three 
terms revised to read as follows: 

Turn, n. Rope.—The distance parallel to 


the axis of a rope in which a strand makes one 
complete spiral. 
Yarn, Cross-Blended, n.—A single -yarn 


spun from a blend or mixture of different 
fiber species. 


| 
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SUMMARY OF 


EXAMPLE.—A yarn spun from cotton 
fibers and rayon staple, or from wool fibers 
and acetate staple, or from wool and cotton 
fibers. 

Yarn, Self-Blended, n.—A single yarn spun 
from a blend or mixture of the same fiber 
species. 
ExAmMpLe.—A spun rayon yarn produced 
from staple of different lengths or different 
deniers. 


Adopted as Standard, Revisions in: _ 


Spec. for Textile Testing Machines (D 76-42 
Methods of Testing Wool Felt (D 461-44) 

It was announced that Committee D-13 
would present a number of recommendations 
on tentatives to the Society through Committee 
E-10 subsequent to the annual meeting. 


Committee D-14 on Adhesives 
Report presented by title. 


Committee D-16 on Industrial Aromatic 
Hydrocarbons 


Report presented by title, and the following 
actions taken: 


Accepted as Tentative:* 
Spec. for Nitration Grade Benzene 


Spec. for Industrial Grade Benzene 

Spec. for Nitration Grade Toluene 

Spec. for Industrial Grade Toluene” 

Spec. for Nitration Grade Xylene 

Spec. for Five-Degree Xylene 

Spec. for Ten-Degree Xylene 

Spec. for Industrial Grade Xylene” 

Spec. for Industrial 90 Benzene” 

Spec. for Refined Solvent Naphtha 

Spec. for Crude Light Solvent Naphtha 

Spec. for Crude Heavy Solvent Naphtha 

Test for Specific Gravity, Color, and Hydrogen 
Sulfide and Sulfur Dioxide Content (Qualita- 
tive) of Industrial Aromatic Hydrocarbons 

Test for Acid Wash Color of Benzene, Tolune, 
Xylenes, and Similar Industrial Aromatic 
Hydrocarbons 

Test for Acidity of Benzene, Toluene, Xylenes, 
and Similar Industrial Aromatic Hydro- 
carbons 

Test for Solidifying Point of Benzene 

Test for Paraffins in Industria] Aromatic Hydro- 
carbons 

Method of Copper Corrosion Test of Industrial 
Aromatic Hydrocarbons 


_12 These specifications were accepted subject to appro- 
priate changes in titles of related specifications under the 
jurisdiction of Committee D-1. 
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Test for Distillation of Industrial Aromatic 
Hydrocarbons 


Committee D-17 on Naval Stores 


Report presented by C. P. Chapman, ‘and 
the following actions taken: 


Adopted as Standard: 


Methods of Sampling and Grading Rosin 

(D 509 - 44 T) 

The following recommendations were pre- 
sented to Committee E-10, but action was 
deferred pending completion of letter ballot 
vote in Committee D-17:' 


Proposed Tentalives: 

Test for Acid Number of Dark Rosin 

Methods of Sampling and Testing Pine Tars 
and Pine-Tar Oils 


Proposed Revisions in Tentative: 
Def. of Terms Relating to Tall Oil (D 804- 
44 T) 


Committee D-18 on Soils for Engineering 
Purposes 


Report presented by the chair and the 
following actions taken: 


Adopted as Standard: 


Methods of Surveying and Sampling Soils for 
Highway Subgrades (D 420 - 42 T) 
Accepted as Tentative:* 
Test for Specific Gravity of Soils 
— 
Committee D-19 on Water for Industrial 
Uses 


Report presented by title. The following 
recommendations appearing in the report as 
preprinted will be presented to Committee E-10 
upon completion of the letter ballot vote in 
Committee D-19:" 


Proposed Tentatives: 


Test for Total Aluminum and Aluminum Ion 
in Industrial Waters 

Test for Manganese in Industrial Waters 

Test for Dissolved Oxygen in Industrial Waters 

Test for Silica in Industrial Waters 

Rec. Practice for Sampling Water from Sta- 
tionary Boilers 


13 These recommendations were approved by Com- 
mittee D-17 and accepted by Committee E-10 on August 
1, 1945. 

These recommendations were approved by Com- 
mittee D-19 and accepted by Committee E-10, on August 
27, 1945, except the Method for Dissolved Oxygen which 
was accepted for publication as information, see p. 360. 
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Committee D-20 on Plastics 


Report presented by Robert Burns, chair- 
man, and the following actions taken: 


Adopted as Standard: 


Descriptive Nomenclature of Objects Made 
from Plastics (D 675 - 43 T) 


Accepted as Tentative:* 


Test for Ammonia in Phenol-Formaldehyde 


Molded Materials : 


Test for Impact Resistance of Plastics and 
Electrical Insulating Materials (D 256 - 43 T), 
subject to concurrance by Committee D-9% 

Methods of Conditioning and Classifying for 
Conditioning Plastics and Electrical Insulat- 
ing Materials for Testing (D618-44T), 
jointly with Committee D-9 

Test for Haze of Transparent Plastics by Photo- 
electric Cell (D 672 —- 44 T) 

Spec. for Cellulose Acetate Plastic Sheets 
(D 786 —- 44 T) 

Rec. Practice for Molding Specimens of Phenolic 
Materials (D 796 - 44 T) 

It was announced that the recommendation 
for adoption as standard of the Tentative 
Method of Test for Water Vapor Permeability 
of Plastic Sheets (D 697-42 T) appearing in 
the preprinted report had been withdrawn by 
the committee. 


Accepted as Tentative, Revisions in:* 


Committee E-3 on Chemical Analysis of 
Metals 


Report‘ presented from manuscript by G. E 
F. Lundell, chairman, and the following actions 
taken: 


Adopted as Standard: 


Method of Chemical Analysis for Selenium in 
Steel (E 30 - 43 T) 

Methods of Chemica] Analysis of Aluminum and 
Aluminum Alloys (E 34-427), as revised 

Methods of Chemical Analysis of Magnesium 
and Magnesium Alloys (E 35 — 42 T) 

Methods of Chemical Analysis of Brasses 
(E 36-42 T) 

Methods of Chemical Analysis of Pig Lead 
(E 37 - 42 T) 

Methods of Chemical Analysis of Nickel (E 39 - 
42 T) 

Methods of Chemical Analysis of Slab Zinc 
(Spelter) (E 40 - 42 T) 


This revision was subsequently withdrawn on the 
tcommendation of Committee D-9. 
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Methods of Chemical Analysis of Zinc-Base 
Die-Casting Alloys (E 47 - 42 T) 

Methods of Chemical Analysis of Silver Solders” 
(B 81 - 36 T) 


Adopted as Standard, Revisions in: 


Methods of Chemical Analysis of Steel, Cast 
Iron, Open-Hearth Iron, and Wrought Iron 
(E 30 - 42) 


Committee E-10 on Standards 7 


This report, presented by H. S. Vassar, 
chairman, recorded the large number of - 
recommendations accepted during the 
year by Committee E-10 on behalf of. 
the Society. Mr. Vassar referred to the 
number of recommendations affecting 
tentatives accepted by Committee E-10_ 
on behalf of the Society at the meeting — 
held in the morning prior to the Annua 
Meeting. For convenience of reference 
these recommendations are listed above - 
under the respective committees which 
made the submittals. This report also 
covered the work of the committee in 
the promotion and expansion of A.S.T.M. 
standardization activities, announcing 
the organization during the year of an 
administrative committee on ultimate 
consumer goods and considerations being 
given to undertaking work on sulfur 
cements, leather, and asbestos cement 
products. The report also referred to 
the fact that Committee E-10 will give 
consideration to proposals relating to 
participation by A.S.T.M. in standard- 
ization activities initiated under the 
auspices of the United Nations Standards 
Coordinating Committee. 


Election of Officers: 


President Bates then called upon the 
Secretary-Treasurer to report the results 
of the letter ballot on election of officers. 
Of the 1940 ballots cast, the results were 
as follows: 

For President, to serve for one year: 

J. R. Townsend, 1940 votes. 


“ Vice-President, to serve for two years: 
A. Boyd, 1940 votes. 
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SUMMARY OF 


For members of the Executive Committee, 
to serve for two years: 
J. R. Freeman, Jr., 1940 votes. 
L. J. Markwardt, 1940 votes. 
C. H. Rose, 1940 votes. 
L. P. Spalding, 1940 votes. 
W. A. Zinzow, 1939 votes. 


_ In announcing the election of the 


above officers, President Bates said that 


the new officers would be presented at 
the dinner meeting arranged by the 
New York District Committee to be held 


that evening. 


Committees Not Reporting: 


The preliminary program for the An- 
nual Meeting contemplated reports from 
the following committees, but these com- 
mittees did not present reports to the 
Society this year: 

Committee A-3 on Cast Iron 
Committee B-9 on Metal Powders and Metal 

Powder Products 
Committee D-4 on Road and Paving Materials 
Committee D-8 on Bituminous Waterproofing 

and Roofing Materials 
Committee E-1 on Methods of Testing 
Committee E-2 on Spectrographic Analysis 


Committee E-4 on Metallography 
Committee E-7 on Radiographic Testing _ 


The following papers were preprinted 
in advance of the Annual Meeting and 
distributed to those members who had 
requested copies: 


Structural Changes in Carbon and Molybdenum 
Steels During Prolonged Heating at 900 to 
1100 F., as Affected by Deoxidation Practice— 
G. V. Smith, R. F. Miller, and C. O. Tarr. 

The Effect of Overstress in Fatigue on the 
Endurance Life of Steel—J. B. Kommers. 

A Theory of the Mechanism of Rusting of Low 
Alloy Steels in the Atmosphere—H. R. Cop- 
son. 

Practical Electric Resistance Strain Gage Proce- 
dures for Structural Tests on Ships—W. V. 
Bassett (Printed in May, ASTM Buttery). 

Single-Strip Compression Test for Sheet Mate- 
rials—Harry LaTour and Don S. Wolford. 


PROCEEDINGS 


In adjourning the Forty-eighth Annual 
Meeting, sine die, President Bates an- 
nounced that the meeting would be fol- 
lowed by a dinner in the evening spon- 
sored by the New York District Com- 
mittee at which the presidential address 
would be presented, the newly elected 
officers of the Society introduced, and a 
very timely talk given on the work of 
the Naval Construction Battalions 
(Seabees). 


Presidential Address: 


The presidential address of President 
P. H. Bates on the subject “Preparation 
for the Future’! was present d at the 
dinner meeting sponsored by the New 
York District Committee. 


Address by Admiral Lewis B. Combs: 


At the conclusion of the presidential 
address a very interesting illustrated 
talk on “Preparing the Way for Victory 
with the Seabees’? was presented by 
Rear Admiral Lewi is » B. C ‘ombs, (CEC) 
USN. 


16 See p. 14. 
17 An extended abstract of this address was published 
in the ASTM Buttetin, No. 135, August, 1945, p. 17. 


Observations on the Appearance Welding of 
Malleable Castings—H. A. Schwartz, Ira 
Young, and James Hedberg. 

The Corrosion-Fatigue Properties of Some 
Hard Lead Alloys in Sulfuric Acid—David 
J. Mack. 

Fracture Testing of Alloy Steels for Aircraft 
Engine Forgings—R. D. Haworth, Jr., and 
A. F. Christian. (Special preprint distribu- 
tion early in May.) 

The Effect of the Iron Content of Cupro-Nickel 
on Its Corrosion Resistance in “Sea Water”— 
A. W. Tracy and R. L. Hungerford. (Special 
preprint distribution early in May.) 

The Testing of Portland Cements Containing 
Interground Vinsol Resin—Raymond L. 
Blaine, Jason C. Yates, and John R. Dwyer. 
(Special preprint distribution early in May.) 

Properties of Highly Hydrated Dolomitic Ma- 
sonry Limes and Certain of Their Cement- 
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Lime Mortars—G. J. Fink and Emil Trattner. 
(Special preprint distribution early in May.) 

Stress Conditions for the Failure of Saturated 
Concrete and Rock—K. Terzaghi. 

Equations for Computing Elastic Constants 
from Flexural and Torsional Resonant Fre- 
quencies of Vibration of Prisms and Cylinders 
—Gerald Pickett. 

Test Criterion for an Incombustible Material— 
N. P. Setchkin and S. H. Ingberg. 

Automatic Accelerated Freezing-and-Thawing 
Apparatus for Concrete—Charles E. Wuerpel 
and Herbert K. Cook. 

Effect of Type of Test Specimen on Apparent 
Compressive Strength of Concrete—Bryant 
Mather. 

Dimensional Stability of Plastics—Robert 
Burns (Printed in May, ASTM Buttetin). 

Effect of Length on the Strength of Compression 
Test Specimens—J. Tucker, Jr. 


In addition, the following Annual 
Meeting papers will be printed and dis- 
tributed when available: 


\ Study of Size Effect and Notch Sensitivity in 
Fatigue Tests of Steel—H. F. Moore. 

The Effect of Combined Stresses on the Mechan- 
ical Properties of Steels Between Room Tem- 
perature and —188C.—D. J. McAdam, Jr., 
G. W. Geil, and R. W. Mebs. 

A Sulfur Print Method for the Study of Crack 
Growth in the Corrosion-Fatigue of Metals— 
R. C. Brumfield. 

Cast-to-Size Impact Specimens for Aluminum 
Sand Casting Alloys—R. A. Quadt (August, 
ASTM 

Compression Testing of Magnesium Alloy 
Sheet—A. A. Moore and John C. McDonald 
(August, ASTM BuLtetiy). 

The Calculation of Electrical Contacts. Under 
Ideal Conditions—FErle I. Shobert, IT. 
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A Method of Particle Size Determination of 
Soils, Cements, etc., by Means of a Chaino- 
matic Specific Gravity Balance—Eugene V. 
Barrett. 

The Effect of Repeated Loading on the Bond 
Strength of Concrete—C. W. Muhlenbruch. 

A Comparison of Absorption and Soundness 
Tests on Maine Sands—Andrew Adams and 
Horace A. Pratt. 

A Simplified Method for the Determination of 
the Specific Gravity of Wood and Plastics— 
E. George Stern and Paul S. Dear (August, 
ASTM 

Some Factors in the Interpretation of Small- 
Scale Tests for Fire-Retardant Wood—F. W. 
Gottschalk (October, ASTM Butiettn). 

Fatigue Tests of a Laminated Mitscherlich-Paper 
Plastic—W. N. Findley. 

A New Coating Thickness Gage—Samuel Lipson 
(August, ASTM BuLietin). 

The Evaluation of Surface-Active Agents—Jay 
C. Harris. 

Effect of Dimensions of Specimens Upon the 
Precision of Strength Data—John Tucker, Jr. 

The Maximum Stresses Present on the Failure of 
Specimens of Brittle Materials—John Tucker, 


Jr. 


The following papers which had been 
listed in the preliminary program for 
the Annual] Meeting were subsequently 
withdrawn: 


Behavior of Concrete Under Sustained Loads 
Near the Ultimate—W. H. Price and R. C. 
Zimmerman. 

The Influence of Gypsum on the Hydration and 
Properties of Portland Cement Pastes— 
William Lerch. 

Symposium an Adhesives—It is proposed to 
hold this symposium at a later date and it is 
planned to preprint the papers for this sympo- 
sium when available. 
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PREPARATIONS FOR THE FUTURE OF THE A.S.T.M. 


ANNUAL ADDRESS BY THE PRESIDENT 


Bates! 
June 27, 1945 


= annual meeting of 
ur Society is different in practically 
every respect from any that have 
been held before. In this very much 
abbreviated meeting it is desirable 
that the Presidential Address should 
also be brief. As it is essentially a 
business meeting with a minimum 
of technical discussions, it is befit- 
ting that the address be nontech- 
nical. Also, as all of us under the 
_ present world conditions are in an 
uncertain and unusual transitional 
period, it would seem desirable that 
we give our attention to what we as 
a Society are now doing and have 
been doing in the immediate past 
that will affect our activities in the 
immediate future. 


It might be said that what could 
be presented under such a topic 
would in a sense be the report of the 
Special Study Committee. (The 
final report of this committee is now 
being prepared for submission to the 
Executive Committee.) This is cor- 
rect and what I shall say here will 
largely be somewhat of a discussion 
of some phases of its findings and 
_ remarks regarding their application. 
This committee was appointed 
- about two years ago to review in a 
broad manner how the Society was 
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organized, how it is now pursuing 
its technical work and how it was 
presenting the results of such work 
to the public. Having noted these 
and also having compared these 
with what other societies were doing, 
it was to decide whether these were 
being carried out in an efficient, 
effective manner. If such was the 
case, did the future indicate that 
changes should be made? Lastly, 
and particularly, should the Society 
expand into new fields? 

The Study Committee has done a 
thorough, painstaking, excellent 
piece of work. Its recommendations 
when put into effect, as they are rap- 
idly being done, will surely result in 
all that was and could be hoped for. 
These recommendations are those of 
a committee and not of an individ- 
ual. As such they represent the 
consensus of opinion of a group. 
Consequently, they are neither ex- 
tremely radical nor extremely con- 
servative—they are just about in the 
center, despite the fact that to some 
the committee has gone too far. 
To others it has not gone far enough. 
To me, personally, it has gone a lit- 
tle to the right of the center, while, 
as you might infer, I would have pre- 
ferred it to have wandered a little 
to the left. 

I am for a thoroughly aggressive 
Society—one that might be accused 
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of committing sins of commission 
rather than sins of omission. If 
there is doubt as to whether some- 
thing should or should not be done, 
then surely do. it. This should be 
borne in mind as we proceed in this 
discussion. 

That we have an aggressive So- 
ciety is shown, first, by the fact that 
it has attained through its up-to- 
date and high-quality work, pre- 
eminence in this country in the field 
of preparing Standard Specifica- 
tions and Standard Test Methods. 
It is recognized here and abroad as 
the outstanding organization in this 
field not only in the United States 
but in the world. Second, by its 
extending its activities in two fields 
—Simulated Service Testing includ- 
ing tests on parts and assemblies, 
and Ultimate Consumer Standards 
—both of which are so large and so 
urgently requiring work of the type 
for which no group is so well fitted 
as ours. 

Our work in these two new fields 
—new at least so far as our Society 
is concerned, but otherwise far from 
new—should very materially ex- 
pand the Society’s contacts. These 
are indeed very large fields. To 
date many of those interested in 
them have not been in close con- 
tact with our work. Hence, we must 
secure the advice and assistance of 
what might be called strangers to 
our present procedures. Also enter- 
ing into new fields we must study 
them carefully and see how we can 
apply our usual methods or how 
they must be modified. From not- 
ing what confronts us, it can readily 
be seen that we are undertaking 
work which must be entered upon 
with careful preliminary thought. 

I am sure others than myself have 
frequently wondered why there has 
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been such a lack of activities in 
these fields. Surely there have al- 
ways been ultimate consumers. Yet 
today there are so few ultimate con- 
sumer standards that it can be said 
there are none. Is not this due to 
the fact that in this case the con- 
sumer is the ultimate user—in other 
words, an individual? And an indi- 
vidual as such, in such work, even 
though he may be a rugged indivi- 
dual, generally makes very slow and 
very little progress as long as he 
acts as an individual. But when he 
unites with others and becomes an 
organization working to attain cer- 
tain results, very likely rapid prog- 
ress is made. In recent years a 
number of organizations of ultimate 
consumers have arisen and they are 
making progress. Practically all of 
them will welcome contact with our 
Society and work with it in securing 
the needed standards. 

Testing of Assemblies also is not 
new. I had entered upon my life’s 
work (which has always been di- 
rectly connected with research in 
developing standard specifications 
and standard testing methods and 
their application) but one year when 
I was detailed to take part in a 
series of tests of assemblies which 
lasted for a year. I had the pleas- 
ure of being connected with the 
Pennsylvania Railroad locomotive 
testing plant when it was first 
erected and used at the St. Louis 
Exposition in 1904. A locomotive is 
surely an assembly though it might, 


be said that a test of that kind—in > 
general determining the efficiency ; 


of a boiler and of a reciprocating en- 
gine—is not the kind now contem- 
plated. But it must be said that 
there were many test procedures 
used in that work for which our 
Society now has or will have stand- 
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ard methods, which it did not have 
at that time due to its recent organi- 
zation. 

It seems certain that through the 
development of testing procedures 
for many assemblies—but particu- 
larly in bridges, buildings, ete.— 
we can learn to design them more 
properly. The airplane designers 
have been forced to realize, more 
through efficiency and economy 
than through engineering that over- 
design is just as bad and far more 
wasteful than underdesign. <A cer- 
tain member of a bridge or any 
other structure should not be over- 
designed just because it is not 
known with sufficient assurance, 
through lack of adequate tests or 
test methods, how it is stressed by 
adjoining members. The proper 
development of our contemplated 
work in Tests of Assemblies should 


- lead to a more intelligent and cor- 


rect use of and in time the elimina- 
tion of “factors of safety.”” At least 
it is hoped that they will no longer 
be referred to as “factors of ignor- 
ance’”—as they now are so aptly 
characterized. 

I am inclined to believe that the 
A.S.T.M. had not entered this field 
of assembly testing for two reasons: 
first, because it was extremely busy 
in its old established work (this does 
not hold too much weight with me); 
secondly, we have been too much 
restricted in our endeavors by a too 
narrow interpretation of the words 


our charter, “materials of engi- 
neering.” Itis, of course, needful to 


have a delineation of our field. In 
general, ‘materials of engineering” 
accomplishes that purpose. But 


when we are in doubt as to whether 
activities in a certain direction 
_ would come within such limits, let us 

decide that they do and proceed ac- 


cordingly. Remember our head- 
quarters are in Philadelphia and it 
is certain that one would not need 
to go many blocks from our offices 
there before we could find one of the 
noted breed of “Philadelphia law- 
yers” who could well justify almost 
any work in any field as being wholly 
concerned with “materials of en- 
gineering.” 

So much for these two new ef- 
forts. They are getting under way 
most auspiciously and it is certain 
that though careful handling and 
development must be followed, 
which at first may seem to show an- 
noyingly slow progress, in due time 
the hoped-for and required advance- 
ments will be made and the Society 
will be recognized as a leader in 
these fields. 

Our publication policies and pro- 
gram have been a matter of consid- 
erable thought on the part of the 
Publication, Study, and Executive 
Committees. You can be assured 
that much thought is still needed. 
The interests of the A.S.T.M., like 
those of many other technical so- 
cieties, are centered in developing 
and systemizing knowledge (in our 
case largely the art of testing and its 
application) and in the broadcasting 
of this knowledge through publica- 
tions. In other words, we are pub- 
lishers. The success of such socie- 
ties is measured quite accurately by 
the amount of and broad acceptance 
of this printed matter. Our success 
is indicated by the fact that the in- 
come from this source now exceeds 
that from membership dues. Such 
a fact shows that this feature of our 
efforts must be a matter of much 
concern at all times. 

But certain specific features in 
connection with our publications 
have given concern. The size of our 
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Proceedings and Books of Stand- 
ards and the question of promptness 
of presenting all material to be re- 
leased forced a study of how and 
how often this printed matter 
should be issued. 

The recent deliberations have re- 
sulted in one new very desirable 
procedure, namely, the immediate 
printing, following acceptance, of all 
technical papers. This is indeed an 
excellent step. But there is still be- 
fore us, unsettled, the size of the 
Proceedings and the Books of Stand- 
ards. Can the former be reduced by 
briefing committee reports or by 
publishing these and more of the 
technical papers in the BULLETIN, 
even though this might lead to its 
more frequent issuing? Can the 
Books of Standards be reduced by 
presenting Standard Specifications 
in one volume and Standard Meth- 
ods in another? Or why not issue 
each specification or method sepa- 
rately instead of in book form? 
This is now being done by some 
other standardizing groups. Should 
not the Society have a monthly issue 
of some kind—as, for instance, a 
monthly issue of the BULLETIN? 
These and other questions regarding 
printing have been extensively dis- 
cussed and will be more so in the 
future. Our publication affairs are 
not upon a truly satisfactory nor 
final basis. 

Before the matter of publications 
is entirely laid aside, it might be 
well to give a few minutes to think- 
ing of our meetings, from which 
come so much of our material for 
printing. Aside from the question 
of the desirability of having two 
meetings so closely together, as the 
“Spring” and the ‘“‘Annual’’? Meet- 
ings, have not the meetings de- 
veloped so that too little time is de- 
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voted to technical papers? To me, 
as somewhat of an “old timer,” it 
seems that in the “good old days” 
of the past there were relatively 
more papers and discussions than 
at the present time. Through tech- 
nical papers on the various broad 
phases of testing and the develop- 
ment of test methods and specifica- 


_ tions so much of such vital concern 


to such activities is brought forward 
that we can hardly do too much to 
foster them. ‘The custom of holding 
one or more sessions at the Spring 
Meeting featuring a symposium on 
some subject is most excellent. It 
would be well to have more sessions 
at the Annual Meeting when papers 
alone would be presented. 

I cannot leave the subject of 
meetings without a few words re- 
garding exhibits. I wish these 
could be held more frequently de- 
spite the fact that even now without 
these some of the members have a 
very full week at the Annual Meet- 
ing. But aside from possible finan- 
cial return to the exhibitor, there 
are always many returns to the 
viewer and the membership of the 
Society is largely in this class. But 
in all exhibits more effort should be 
made to have groups and individu- 
als—not commercial producers of 
equipment or apparatus—present 
examples of their own efforts. In 
the course of a couple of years well 
worthwhile new examples of such 
developments would be available 
of much interest and benefit to a 
large number. 

Here I would have ended my dis- 
cussion of our meetings had there 
not come to hand a copy of a talk, 
“Science Is Not Magic,” by Dr. 
R. C. Hockett, Scientific Director 
of the Sugar Research Foundation, 
Inc. As a text for his talk he used 
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the seventh and eighth verses of 

Genesis XI. Maybe you will recall 

that there we have the story of the 
Tower of Babel—how the Lord 

broke up a very well-organized co- 
operative effort (just such as ours is) 
by a much more effective one of 
confounding their language so that 
they did not “speak one another’s 
language.” 

Everywhere in technical societies 
we have through almost excessive 
such a development 

of “‘tongues,” that as Dr. Hockett 
says, “at the present time workers in 
the various branches and divisions 
of science do not understand each 
other any too readily and the lay- 
man finds the language of all of 
these quite incomprehensible.” 

We have had in recent years 
groups splitting off from others or 

being newly formed solely because 

of specialization which led the new 
group to believe it had nothing in 
a common with the old or any other 
one. Another new tongue had been 
born. Committee X-13 of the 
A.S.T.M. is concerned with a com- 
modity and test methods which in 
the minds of its members are unique 
and have nothing in common with 
the commodities and procedures 
which concern all the other commit- 
tees. Hence, it maintains a marked 
aloofness from and associates but 
slightly with the full activities of 
the Society. This should be reme- 
died and can be done by getting 
even the most distantly related 
committees to understand one an- 
other and seeing what they have in 
common. 

The gist of Dr. Hockett’s talk was 
in presenting the role of the “sci- 
entific commentator’—the indi- 
vidual who translates the technical 
_ jargon of the specialist into the 
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“language of the street” of the 
layman. Bear in mind the specialist 
in any one field is the layman in 
others. I hope that those placed in 
the Headquarters Staff as contacts 
for the several groups of committees 
will develop into true commen- 
tators, who will be able to translate 
the work of the committees in their 
group so that the other groups will 
not only understand what is being 
done but also why, and to the ex- 
tent that there will be more frequent 
intercommittee interest, contacts, 
and such. 

Finally, it would be well if each 
of these or a Headquarters Editor 
could prepare prefaces of all papers 
which would tell all laymen the why 
and wherefore of the paper and let 
their fancies run wild as to its pos- 
sible broad and future application. 
A paper on determining particle 
size by air permeability was just 
a title to 95 per cent of the readers 
of the Society’s BULLETIN. Why the 
interest in particle size? Who is in- 
terested? Who might and will be 
interested? A good scientific com- 
mentator could have written a pref- 
ace which would have caused the 
paper to have been read by at least 
a very large minority of the BuL- 
LETIN’s readers. Particle size is of 
concern to the metals group (pow- 
der metallurgy, size of abrasives for 
finishing metals, etc.), to practically 
all of the committees in the C group, 
and in the D group remember the 
importance of pigment grain size, 
the use of sized inorganic fillers in 
tars and asphaltums, the use of clay, 
fuller’s earth, talc, etc., whose par- 
ticle size is so important in the pa- 
per, textile, and petroleum industries. 

May I close this dissertation on 
technical commentators to corre- 
late the committee work with the 
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Society so that there may be a more 
intimate contact and a better un- 


derstanding between committees 
and more of an appreciation of each 
other’s work by a “lastly” text (also 
used by Dr. Hockett)— 


“And the Lord said, ‘Behold, the 
people is one, and they have one 
language—and now nothing will 
be restrained from them which 
they have imagined to do?”’— 
Genesis XI: 6. 


One of our Society’s policies and 
procedures is, I am sure, provoca- 
tive of more discussion in the tech- 
nical committees and in the Execu- 
tive Committee than all the others 
combined. Reference is made to the 
balance of membership of commit- 
tees as between producers and other 
interests, the requirements as to 
the “interest” of committee chair- 
men and to a less degree the classi- 
fication of interest for voting pur- 
poses of technical committee mem- 
bership. This has doubtlessly re- 
ceived its usual amount of annual 
discussion by all concerned during 
the past year, plus a considerable 
amount on the part of the Study 
Committee. After all has been 
“said and done,” the restrictions 
are just about where they were be- 
fore the year started and before 
' quite a few previous years started. 
To my mind, this shows progress— 
strange as it may seem. It shows 
that our founders and early organ- 
izers did quite well and through the 
years, despite most frequent ex- 
tended discussions, we are continu- 
ing by confirming their wisdom. 

Practically all technical commit- 
tees are faced with the difficult task 
of securing adequate interest both as 
to numbers and activity on the part 
of the consumer and general inter- 
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ests. But when the field has been 
well canvassed, the desired results 
are invariably obtained. If one 
could measure the “intensity” of the 
interest applied by the producer, 
consumer, and general interests, it 
is quite certain that even with the 
presently demanded less number of 
producers, we would find the “in- 
tensity” of the producer far exceed- 
ing the “intensity” of the two other 
groups. This cannot be changed 
though the numerical balance might. 
But it is hoped this latter will never 
be done. I feel that if it were, the 
high regard and esteem of the Soci- 
ety’s Standards would be most ma- 
terially lowered. 

It has been my pleasure to have 
attended meetings of six of our Dis- 
trict Committees during the past 14 
months. Even though in a few cases 
the attendance was rather small, the 
small and the large meetings, as well 
as those very largely attended, evi- 
denced sufficient interest and enthu- 
siasm to indicate that the idea of 
having these sectional groups is ex- 
cellent. Despite the fact that in all 
of our large cities one can readily 
find more meetings of technical so- 
cieties than one can find time to at- 
tend, it is still true that those with 
something worth while to offer can 
and do draw good-sized audiences. 
I believe that all of the District 
Committees, with assistance from 
the Society’s Headquarters Staff, 
which will always be promptly and 
heartily given, could have two meet- 
ings yearly with such attractive 
programs that large audiences would 
result. Testing and its ramifications 
are so broad that well-timed dis- 
cussions of one of its many phases 
will bring many together. ‘Such 
meetings will very materially en- 
hance the prestige of the Society and 
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members. 
jin no manner dictate to committee 
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expand its membership. These Dis- 
trict Committees should by all 
means be fostered and further de- 
veloped in some cases. This is now 
under way by a new Administrative 


~ Committee which is certain to give 


a good account of itself. 

A reorganization and extension 
of the Society’s Headquarters Staff 
has been authorized and is now be- 
ing effected. One feature of this is 
particularly commended and should 
have your interest and support 
Reference is made to the assigning 


_ of a member of the staff to keep in 


contact with each group of technical 
committees. There will ultimately 
be a member of the staff following 
the work of each group of commit- 
tees; attending the meetings of each 
committee, keeping these especially 
informed of the work of the other 
committees in the group and main- 


taining a direct helpful contact be- 


tween headquarters and committee 
These staff members will 


officers or interfere with their work. 
These latter will act with their past 
customary freedom. This feature 
of headquarters organization is in- 
tended to coordinate the work of the 
committees and the Society and to 
have both reflect the thoughts and 
demands of the public. It is cer- 
tain to result in a more unified acting 
Society. 

You all know by this time that our 


Society will during the coming year 
enjoy for the first time in its history 
its own home. It has+surely been 
most fortunate in securing this—so 
favorably located in the heart of 
Philadelphia on a notable thorough- 
fare, which with time will surely be 
enhanced with further beauty, and 
on a site so strikingly surrounded 
with literary and technical organi- 


zations. Since the Executive Com- 
mittee decided that the MHead- 


quarters should be in an urban 
rather than suburban area, it is 
hard to conceive of a more favor- 
able location, to say nothing of the 
remarkably low cost of acquisition. 

All of us hope that in a relatively 
brief time we shall be in the postwar 
era. This review of the develop- 
ments in the Society during the past 
year—so many of which evolved 
from a consideration of how the So- 
ciety should conduct its affairs after 
the war—I hope will clearly show 
you that it will be organized and 
ready to meet the demands of that 
era. Well settled in its new home 
with its staff organized according to 
the new setup and working smoothly 
as a result of the presently coming 
practice period, we can be assured 
that the A.S.T.M. will carry on 
even more effectively and efficiently 
than it has in the past, with not only 
a loyal hard-working staff at Head- 
quarters, but with an equally loyal 
and hard-working membership. 
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With our Nation in the fourth year of 
war, the Executive Committee reports 
to the Society membership on the activi- 
ties of a year replete with many 
important and far-reaching accomplish- 
ments in both technical and administra- 
tive fields. So long as we are at war, 
the prime objective of everyone is and 
must be the winning of that war; and 
until the war is won the Society will 
continue to give priority and first em- 
phasis to all activities that will in any 
way assist the Government and industry 
in carrying on the war effort. Our most 
important contribution, of course, is with 
respect to the development of tests and 
specifications for materials and in the 
carrying on of investigation on the 
properties of materials. Emphasis has 
accordingly been placed on such work 
during the past year, although it will be 
obvious that with the improved condi- 
tion of supply of critical and strategic 
materials and the-attainment of full war 
production there has not been as much 
need for development of emergency 
methods and specifications as existed 
during the first years of the war. 

Nevertheless, the emergency stand- 
ardization procedure has been used 
effectively by many of the standing 
committees. During the year there were 
accepted and published ten new emer- 
gency alternate provisions and four new 
emergency standards, and 17 emergency 
alternate provisions were revised. A 
number of emergency standards were 
considered suitable for acceptance as 
tentative and 14 were transferred to that 
status. With the relaxation of many 


*Presented at the Forty-eighth Annual Meeting of 
the Society, June 27, 1945. 


materials and production controls, it has 
been found that a number of emergency 
alternate provisions are no longer needed 
and during the year 34 such provisions 
and one emergency standard were dis- 
continued, although many of the emer- 
gency alternate provisions were used as 
the basis for the revision of the standard 
to which they formerly applied. As a 
result there are now on the books of the 
Society 97 emergency alternate provi- 
sions and 26 emergency standards, a 
total of 123 compared to approximately 
155 such items a year ago. 

It can appropriately be mentioned at 
this point that as a matter of policy it is 
intended that all emergency alternates 
and emergency standards should be 
transferred as promptly as possible either 
to standard or tentative status or be 
dropped, and that further development 
of emergency requirements is to be dis- 
couraged unless they are truly needed 
to meet a war emergency. To guard 
against retention of such emergency pro- 
visions beyond the period of their use- 
fulness, it is now required that in order 
to be retained they must be annually re- 
affirmed by ballot of the promulgating 
group and approved by the Committee 
on Standards. 

Included in the emergency specifica- 
tion work of direct significance to the 
war effort might be mentioned: tests for 
aromatics in aviation gasoline developed 
for and with the cooperation of the Air 
Corps; tests for inorganic elements in 
lubricating oils; cloud and pour tests of 
petroleum products .t temperatures 
down to —100F., prepared for the Air 
Corps from operating experiences at 
high altitudes and in frigid climates; 
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friction tape specifications providing a 
_ better quality resulting from new tech- 
niques; flame test for insulated wire and 
cable; further modification of solder 
metal compositions in line with current 
WPB limitation orders; and four new 
specifications for stainless steel tubing 
for refinery service and general applica- 
tions. 
Other technical activities of either 
= or indirect value to war produc- 
tion, offered in the form of new tentative 
specifications or methods during the 
year, include the following: two magnetic 
particle test methods for steel castings 
and heavy steel forgings; specifications 
_ for gray iron castings for pressure-con- 


- taining parts for temperatures up to 


650 F.; extensive revisions of the salt 
spray test widely used in the evaluation 
of war materials; extensive revisions of 
copper and copper alloy specifications; 
for chromium-nickel-iron 
alloy castings for high-temperature serv- 
ice; specifications for synthetic rubber 
~(GR-S) sheath compound for electrical 
cords; test for hydrogen permeability of 
_rubber-coated fabrics widely used for 
such products as balloons, pontons, etc.; 
- test for permeability of synthetic elas- 
tomers to volatile liquids; revision of 
_ specifications for cellular rubbers and 
hard rubber; test methods for adhesives 
urgently needed by the Armed Services; 
various types of tests for fiberboard 
shipping containers; specifications for 
Shellac for electrical insulation; many 
new specifications and test methods for 
plastics; tests for plywood; and methods 


of test for important items of naval 


stores. 
In the current committee reports will 


be found the results of much intensive 
work by the committees, usually in ac- 


tive cooperation with the Government 


agencies and carried out under increas- 
ingly difficult conditions occasioned by 
the restrictions on travel and large meet- 


ings. Among some of the more im- 
portant accomplishments relating to war 
materials are the following: new speci- 
fications for copper-silicon and copper- 
silicon-zinc alloy sand castings, and for 
beryllium copper strip, wire, rods and 
bars; new methods (published as infor- 
mation only) for olefinic and aromatic 
hydrocarbons in gasoline and for pour 
point in lubricants containing pour point 
depressant; seven new test methods and 
12 specifications for various industrial 
aromatic hydrocarbons; tests for identi- 
fication and analysis of synthetic elas- 
tomers urgently needed for use with 
the new synthetic rubbers; specifications 
for natural rubber brake cups, prepared 
jointly by SAE and ASTM at the request 
of the Ordnance Department, U.S.A.; 
a recommended practice for conditioning 
rubber and plastics for low-temperature 
testing; and revised specifications for arc- 
welding electrodes. 

The Society has continued to cooperate 
with a number of the Federal Specifica- 
tions committees and with the various 
bureaus of the War and Navy Depart- 
ments, the War Production Board and 
other Governmental agencies—indeed, 
cooperation with these agencies has been 
involved in many of the projects cited in 
the preceding paragraphs. One project 
that for several years engaged the close 
attention of Committee A-1 on Steel, 
namely, the National Emergency Steel 
Specification project of WPB, is about 
completed, inasmuch as the steel supply 
situation has improved to the point 
where practically all of the restrictions 
imposed by WPB Limitation Order L- 
211 have been removed. It is under- 
stood that the project may shortly be 
formally terminated, and it is the hope 
of the Executive Committee that the 
valuable cooperative relations that were 
established by the sponsors of that 
project may be continued in some suit- 


able manner. 
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One of the outstanding contributions 
to the war effort has been, of course, the 
publication of the new and revised 1944 
edition of the Book of Standards, com- 
prising 795 standards and 440 tentatives 
in addition to nearly all of the emergency 
alternate provisions and standards pre- 
viously mentioned. Unavoidable delays 
in the printing establishment, coupled 
with the tremendous volume of the pub- 
lication (over 6000 pages), delayed the 
appearance of the last of the three parts 
until late in April. However, all accu- 
mulated orders of industrial and Govern- 
mental agencies have been filled and 
distribution to the entire membership 
has been completed. 

While the effective functioning of the 
Society in relation to the war has been 
of prime importance, the Executive 
Committee has also been giving most 
careful thought to the future develop- 
ment of the Society. It is clear that our 
country faces a period of tremendous 
technological expansion—a period that 
will bring with it many new and modified 
materials and new applications of older 
materials. The inevitable competition 
between materials will place greater 
value than ever upon adequate tests for 
evaluating properties, including in- 
creased emphasis on performance testing 
and testing of parts and assemblies. 
Specifications will need to be frequently 
revised to keep abreast of technical de- 
velopments and many new specifications 
will be required. Knowledge of the 
properties of all types of materials will 
be at a greater premium than ever, 
calling for more research and investiga- 
tion on the part of our committees than 
probably at any time in our history. 
Clearly, therefore, the Society must be 
organized on the soundest possible basis 
to meet the future and to render the most 
effective service. In the next few sec- 
tions of this report the Executive Com- 
mittee discusses a number of decisions 


that have been made and new work 


undertaken to prepare the Society for the — 


years that lie ahead. Possibly in no 
year in the Society’s history have there 
been more important developments, 
both technically and administratively, 
than are here reported. 


Before presenting these matters, a 


word about a policy for the period of 
transition between war and peace is 
appropriate. The Executive Committee 
realizes that this transition period may 


y 


well be accompanied by adverse eco-— 


nomic conditions. At the same time it 
has complete faith in the industrial and 
technologic future of the country and 
intends to follow a broad policy of ex- 
pansion of Society activities along sound 
lines even under adverse economic condi- 
tions, but of course with careful con- 
sideration of each specific activity in its 
financial as well as its other aspects. It 
is for this purpose only that the Execu- 
tive Committee has during recent years 
of financial prosperity built up the re- 
serve funds, so as to provide a cushion 
against periods of economic adversity 
and reduced income and enable the 
Society to carry on even increased activi- 
ties in anticipation of the great need for 


technical information and_ standards 


that is certain to develop. 
Work of Study Committee: 


In its report a year ago, the Executive 
Committee announced the appointment 
of a Special Study Committee for the 
purpose of reviewing the activities of the 
Society critically and objectively, and of 
examining and appraising all phases of its 
work in order to determine whether the 
Society is organized and functioning in 
the most effective manner best to serve 
its members, industry and the nation at 
large now and in the years tocome. The 
Committee serves under the chairman- 


ship of H. S. Vassar, Past-President of — 


the Society, and consists of eleven mem- | 
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bers each of whom has had extensive 
experience in one or more technical 
phases of the Society’s work, as well as 
important executive and administrative 
responsibilities in the Society. 

The committee has held four two-day 
meetings and has presented to the 
Executive Committee three extensive 
progress reports containing many im- 
portant recommendations. These cover 
such matters as: questions of policy as to 
future development of the Society; ex- 
tension of A.S.T.M. standardization 
activities in the field of ultimate con- 
sumer goods; the undertaking of work in 
the field of simulated service tests in- 
volving testing of parts and assemblies; a 
proposed reorganization of the adminis- 
trative set-up of the Society, including 
enlargement of the governing body of the 
Society from an Executive Committee to 
a Board of Directors, as well as a re- 
organization of headquarters staff; im- 
portant recommendations covering the 
publications of the Society, especially 
the publication of technical papers and 
discussions; recommendations concern- 
ing the term “tentative standard” and 
certain standardization procedures; and 
a number of miscellaneous recommenda- 
tions of a general nature. 

The actions that the Executive Com- 
mittee has so far taken on these recom- 
mendations are indicated in the appro- 
priate sections of this report. 

The Study Committee will prepare a 
complete report of its findings and recom- 
mendations, to be ready for presentation 
at the October meeting of the Executive 
Committee. This report will constitute 
one of the most important documents of 
its kind in the history of the Society and 
the Executive Committee plans to make 
it available in appropriate form to the 
entire membership, possibly by publica- 
tion in extensive abstract in the ASTM 
BULLETIN. 


The Executive Committee takes this 
opportunity of thanking the Study Com. 
mittee for its splendid service to the 
Society, the full value of which will be 
appreciated in reading the remainder of 
this report and when the final report of 
the Study Committee becomes available, 


Extension of A.S.T.M. Standardization 
Activities in the Field of Ultimate Con- 
sumer Goods: 


Based initially on recommendations 
made by the Study Committee and a 
more extensive examination of the whole 
subject by a special committee, as an- 
nounced in the March, 1945, ASTM 
BULLETIN, the Executive Committee is 
planning extension of the Society’s work 
in the preparation of standard tests and 
specifications for ultimate consumer 
goods. The demand for the develop- 
ment and use of such tests and specifica- 
tions has been growing rapidly in recent 
years and has been reflected in the work 
of the Society in a number of fields, 
among the more important being tex- 
tiles, soaps, rubber products, paper, plas- 
tics, fuels, paints, and various building 
materials. 

This decision of the Executive Com- 
mittee was made after a careful appraisal 
by the above-mentioned special com- 
mittee of the extent and significance of 
the consumer movement, activities of 
various agencies in this field including 
those of the Government, and the need 
for consumer goods standards in con- 
nection with labeling, grading and cer- 
tification plans. Anticipating develop- 
ments in this field within the next decade, 
it seems clear to the Executive Com- 
mittee that the Society must prepare to 
assume appropriate responsibilities for 
the development of standard tests and 
specifications for certain types of con- 
sumer goods, within proper limitations. 
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It is intended that the Society’s 
standardization work on ultimate con- 
sumer goods shall be based upon sound 
engineering principles and _ practices, 
that it shall proceed deliberately and 
carefully, based at all times on adequate 
technical preparation, and that it will 
deal only with such goods as permit of 
definitions, test data, and test limitations 
that can be measured by engineering 
methods. Work on assemblies of mate- 
rials will be included only where evalua- 
tion of materials or workmanship is con- 
cerned, and it is not intended to engage 
in the formulation of design specifica- 
tions. Left for later determination are 
such questions as whether the work 
should deal principally with manufac- 
turing requirements intended to measure 
and maintain quality at a predetermined 
level without emphasis on those factors 
dependent on human interest and use, or 
should aim to specify what will give 
consumer satisfaction at a minimum ac- 
ceptable level. It is believed that the 
use factors must be considered; but since 
definite knowledge and actual test data 
concerning use characteristics are very 
limited in most cases of ultimate con- 
sumer goods, initial projects will neces- 
sarily deal with the development of test 
methods and specifications for specific 
uses of such goods concerning which 
knowledge can readily be obtained. 

To implement this program the Execu- 
tive Committee has appointed a new 
Administrative Committee on Ultimate 
Consumer Goods with the following 
personnel: 


Administrative Committee on Ultimate Consumer 
Goods 


H. J. Ball, Chairman, Professor of Textile 
Engineering, Lowell Textile Institute, Lowell, 
Mass. 

A. G. Ashcroft, Director of Research, Alexander 
Smith and Sons Carpet Co., Yonkers, N. Y. 
A. L. Brassell, Vice-President, United States 

Testing Co., Inc., Hoboken, N. J. 
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A. W. Carpenter, Manager of Testing Labora- 
tories, The B. F. Goodrich Co., Akron, Ohio. 
Jules Labarthe, Jr., Senior Fellow, Mellon © 
Institute of Industrial Research, Pittsburgh, 
Pa. : 
G. C. MacDonald, Director, Wards Bureau of 
Standards, Montgomery Ward and Co., 

Chicago, Ill. 
H. H. Morgan, Vice-President, Robert W. Hunt | 
Co., Chicago, Ill. 


This administrative committee has 
been given responsibility for the planning 
and administrative direction of this work 
in the Society. Thus it may initiate 
projects for reference to committees of 
the Society as well as receive recom- 
mendations from those committees for 
work in the consumer goods field. It 
will have authority to recommend the 
organization of new committees in cases 
where desired work cannot be handled 
by existing committees. It must deter- 
mine the most effective means of pro- 
viding adequately for representation of 
the ultimate consumer on A.S.T.M. com- 
mittees preparing standards for consumer 
goods and the adaptation of the present 
committee structure and procedure to 
the writing of consumer goods standards. 
The Society’s cardinal principle of bal- 
ance between producers, consumers, and 
general interests on committees dealing 
with standards will be maintained, but 
the application of this principle to 
different committees may vary in detail 
in ways to be determined by the ad- 
ministrative committee. 

The Executive Committee has referred 
to the administrative committee a num- 
ber of important recommendations de- 
veloped by the special committee re- 
lating to such matters as the following: 
Determination of procedures within the 
Society for developing ultimate consumer 
goods standards, possibly with state- 
ments for the guidance of committees 
in the form of a manual; form, arrange- 
ment, and content of ultimate consumer 


| 
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goods standards; suggested clauses for 

| inclusion in standards that will clearly 

define the applicability and possible use 

limitations of the standards and that 

will disclaim responsibility of the Society 

as such for representations such as label- 

ing, certification and advertising based 

d upon the standards; the determination 

of those ultimate consumer goods that 

it may be desirable to exclude from an 

A.S.T.M. program because of such con- 

siderations as existing Federal regula- 

tions, lack of interest in or demand for 

standards, or remoteness from present 

activities of the Society. The adminis- 

trative committee has also been directed 

to give careful consideration to the 

matter of maintaining equivalent stand- 

ards for the same or similar products 

used both as industrial and ultimate 
consumer goods. 

The successful development of stand- 

7 ards in the ultimate consumer goods field 

will require more factual knowledge con- 

cerning the wants of consumers and more 

basic data on use values than are now 

| available. Accordingly the Executive 

Committee, acting upon a recommenda- 

tion of the special committee, is arrang- 

ing for the establishment of a project 

_ within the Society for the development 

} _ of techniques for obtaining knowledge of 


consumer wants and for accumulating 
data on which to base specifications and 
methods of test for ultimate consumer 
goods. This project will be an impor- 
tant aid in the implementation of the 
entire program and will necessarily 
utilize social, statistical, psychological, 
and economic approaches, in addition 
to those of science and engineering. It is 
planned to coordinate the Society’s work 
in this particular project with studies 
that have recently been initiated by the 
National Research Council and the 
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_ Social Science Research Council. 
The administrative committee held its 
meeting on April 1945. The 


committee has been directed to report ao 
periodically to the Executive Committee infort 
on the progress of its work and this certai 
progress will be suitably recorded in alterr 
articles from time to time in the a 
BULLETIN. hi 
New Work to be Undertaken in the Field mi, 
of Simulated Service Testing: ing, 
Another important extension of the struc 
Society’s work based likewise upon a - 
recommendation originating with the 
Study Committee has been initiated com! 
during the year. This may be defined _ 
briefly as the study, development and tin 
standardization of methods of test of take 
simple or composite materials in actual ‘ 
or simulated service conditions and en- AS. 
vironment, in so far as performance is Ges 
ther 

dependent on the properties of the mate- flict 
rial, and including where necessary the ; 
testing of processed parts under such an 
conditions. During the. past several the 
years many suggestions and recom- was 
mendations that the Society develop pert 
methods of test in this field have been sing 
made, these suggestions usually being suc 
related to the marked increase in this = 
type of testing in the automotive and om 
aircraft industries. In the field of me- as | 
chanical testing such things as vibration for 
testing, fatigue, and other forms of life as 
tests of parts and assemblies, as dis- om 
tinguished from such tests of specimens ha 
of materials, are involved. As an- - im 
nounced in the March, 1945, BULLETIN ex] 


the Executive Committee appointed last 
fall a special committee to explore this 
field of work and report its recommenda- ph 
tions, and the Executive Committee’s in 
decision is based upon the extensive In 
studies and report of that committee. 
The following excerpts from that report 


are helpful to an understanding of the tu 
nature of the work it is planned to do and pt 
the reasons for undertaking it: ‘ 

“It is considered that a proper function of « 
the Society is to recommend methods of t} 


-impact fatigue, 
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obtaining all the information about the materials 
that the designing engineer will need to make an 
informed design. In order to find out whether 
certain material properties are adequate, or, 
alternatively, to find out what material proper- 
ties are needed, it appears necessary in testing to 
simulate more completely the conditions under 
which the final product must operate. 

“Raw materials tests of themselves are not 
suflicient to fulfill the needs for modern engineer- 
ing, where composite materials and processed 
structures are coming to the fore—a subject 
which touches not only the scope of activities of 
\.S.T.M. but that of other engineering societies 
aswell. Accordingly, the present representative 
committee was invited to discuss the subject in a 
broad objective way from the point of view of the 
extent of interest in the testing of parts and 
assemblies, and whether A.S.T.M. should under- 
take work in this field. 

“It was the consensus of the committee that 
A.S.T.M. should undertake such work and that 
there was a proper region of activities where 
there would be no duplication of effort or con- 
flict with the prerogatives of other societies. 

“Any study of a material must have in mind 
an application. ‘The application involves how 
the “stuff” is to be shaped or used and the 
environmental conditions and service experience; 
so that the “thing”? made of it will endure and 
perform with satisfaction. “Stuff” may be a 
single raw material or a composite material, 
such as reinforced concrete, plywood, impreg- 
nated textile, plated wire. The effect of the 
process on the quality of the finished part may 

e influenced by shape and proportion, as well 
18 the way in which the process is controlled— 
for example, molded thermosetting parts, die 


castings, centrifugal castings, drawing, and so on. 


“The committee was of the opinon that 
environmental testing, such as salt spray, 
humidity, high and low temperature, impact, 
vibration, and atmospheric 
exposure are definitely within the scope of the 
Society’s activities. Many of these are already 
under investigation. The kind of materials 
should include composite materials, such as 
plywood, prefabricated building construction 
nits, and welded, brazed, and soldered parts. 
In the field of fatigue testing the scope should 
be extended beyond simplified specimens to 
show the effect of notches and other surface 
irregularities. Stress analysis of involved struc- 
tures, however, is a subject coming under the 
purview of other technical societies. 

“So-called ‘Rube Goldberg’ tests designed to 
prove quality of a product seem beyond the 
scope of A.S.T.M. This would also apply to 
those tests designed to stimulate desire which 


have as their object the promotion of sales. On — 
the other hand, the Society should seek to show 
engineers how fatigue data should be used; that 
is, formulate methods of good practice in measur- 
ing the fatigue properties of a structure. 

“The techniques covering the use of labora- 
tory apparatus as applied to materials testing 
should be extended to cover parts and simple 
assemblies. Here the thought was expressed 
that we should stop short of interpretation of 
results in the form of particular applications, 
which is the province of design engineering. 
Portions of structures, such as floor joists, wall 
panels, plastered surfaces, and jointed pipe, may 
be tested for performance under simulated 
service environment. Furthermore, modern 
process development is tending toward mechani- 
zation and this will result in articles of commerce 
being of composite and prefabricated construc- 
tion. Specifications and methods of test will be 
required for such items and these seem within 
the scope of A.S.T.M. work.” 


The Executive Committee feels that 
with respect to present-day requirements 
for new testing techniques the Society 
should be imbued with the same pioneer- 
ing spirit it had forty years ago in facing 
the testing problems of that day, and 
that our members and others experiment- 
ing with methods—beyond the usual 
specimen testing—to determine the suit- 
ability of materials in many new in- 
dustrial applications should be able to 
look to the Society to help them in their 
work, especially since we have over the 
years developed methods and _proce- 
dures whereby such problems can effec- 
tively be worked out. 

The Executive Committee has ap- 
pointed a new Administrative Commit- 
tee on Simulated Service Testing to 
which it has delegated authority for the 
development of this new program of 
activities in all its phases. ‘This author- 
ity includes discussion with existing 
committees of extension of their present 
programs of work to include various 
aspects of problems discussed herein, 
as well as responsibility of recommend- 
ing to the Executive Committee the 
formation of such new committees as 
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may appear desirable. The personnel 
of the administrative committee is as 
follows: 


Administrative Commilice on Simulated Service 
Testing 

ib L. Wyman, Chairman, Research Metallurgist, 

_ Research Laboratory, General Electric Co., 
Schenectady, N. Y. 

H. O. Boyvey, Chief of Development Labs., 
Engineering and Development Department, 
Consolidated Vultee Aircraft Corp., Vultee 
Field, Calif. 

J. M. Frankland, Supervisor of Structures Tests, 

Chance Vought Division of United Aircraft 
Corporation, Stratford, Conn. 

D. E. Parsons, Chief, Masonry Construction 
Section, National Bureau of Standards, Wash- 
ington, D. C. 

R. E. Peterson, Manager, Mechanics Division, 
Westinghouse Research Labs., Westinghouse 
Electric Corporation, East Pittsburgh, Pa. 

S. B. Ritchie, Colonel, Ordnance Department, 
United States Army, Washington, D. C. 

_R. L. Templin, Assistant Director of Research 
and Chief Engineer of Tests, Aluminum 

Company of America, New Kensington, Pa. 

_E. W. Upham, Chief Metallurgist, Chrysler 

Corporation, Detroit, Mich. 


The administrative committee held 
its first meeting on April 18, 1945. The 
committee has been directed to report 
periodically to the Executive Commit- 
tee in the progress of its work and this 
progress will be suitably recorded in 
articles from time to time in the BULLE- 

TIN. 


Administrative and Staff Organization: 


One of the most important subjects 
under consideration by the Study Com- 
mittee has been that of the administra- 
tive organization of the Society, includ- 
ing the constitution of the governing 
body of the Society (that is, the Execu- 
tive Committee), the organization and 
procedures of standing, administrative, 
special and other committees, and the 
organization of the headquarters staff. 
These are important because it is essen- 
tial that the administration of Society 
affairs shall be on the soundest and most 
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efficient basis possible and that it be 
suited to the future development of the 
Society in so far as this can be foreseen. 
Over the past fifteen years the Society 
has grown greatly both in numbers and 
extent of technical activities, during 
which time there have been no important 
changes in its administrative set-up, and 
the Study Committee came to the con- 
clusion that certain changes in adminis- 
tration and procedure are now advisable. 

The committee accordingly submitted 
a number of recommendations, carefully 
documented and substantiated, which 
were unanimously adopted by and are 
herewith presented as actions and recom- 
mendations of the Executive Committee. 
The explanations of and reasons for the 
changes recommended are taken from 
one of the progress reports of the Study 
Committee. 

A Board of Directors Proposed.— 
The most significant recommendation 
has to do with the enlargement of the 
governing body of the Society and the 
change in name of that body from “Exec- 
utive Committee” to “Board of Direc- 
tors.” With the increase in Society 
membership, the increase in number of 
industries represented in the Society’s 
activities, and the greater emphasis on 
the work of our geographically estab- 
lished district committees, it-has become 
highly desirable to enlarge the governing 
body of the Society so as to afford better 
opportunity for more frequent repre- 
sentation thereon of various industrial 
and technical groups and of the geo- 
graphic districts. It is proposed to 
accomplish this by providing for fifteen 
Directors serving for terms of three 
years, in place of ten Members of Execu- 
tive Committee serving for terms of two 
years, with the Directors so classified 
that the terms of office of five Directors 
shall expire each year. The three- 
year term is recommended to give 
greater continuity to membership on 
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the governing body; under the present 
two-year term the member must retire 
from service at a time when he has be- 
come thoroughly familiar with Society 
problems, and it is believed that a third 
year of service would contribute to the 
eflectiveness of the direction of Society 
affairs. Such an enlarged body is more 
appropriately designated as a Board of 
Directors than as an Executive Com- 
mittee; moreover, it is desired to use the 
term Executive Committee for another 
purpose, as described below. It is 
proposed that the Board of Directors 
shall comprise the President, the two 
Vice-Presidents, the fifteen Directors 
and the last three Past-Presidents, but 
not the Secretary-Treasurer, since that 
ofice is appointive by the governing 
body and not elective by the Society. 

It is further proposed that the Board 
of Directors shall be empowered to ap- 
point from its membership a small com- 
mittee (not over six in number), to be 
designated the Executive Committee, 
which shall exercise at times when the 
Board of Directors is not in session such 
part of the authority of the Board in the 
administration of the Society’s affairs 
as the Board may from time to time 
delegate to it. It is contemplated that 
the Executive Committee will relieve 
the Board of Directors of detailed con- 
sideration of many routine matters that 
at present of necessity come before the 
entire governing body, so that the Board 
can give its major attention to matters 
of Society policy and advancement. 

It is further recommended that the 
Board of Directors shall hold three regu- 
lar meetings during the year, with the 
thought that the smaller Executive Com- 
mittee can meet more frequently as the 
business of the Society may require. 

The Executive Committee also recom- 
mends that the title of ‘“Secretary- 
Treasurer” be changed to that of “Ex- 
ecutive Secretary,” believing that the 
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describes the duties and responsibilities 
of the office of Secretary-Treasurer as 
now defined. It is at the same time 
proposed that the Board of Directors 
shall be empowered to appoint an Assist- 
ant Executive Secretary, a Treasurer 
and an Assistant Secretary and such — 
other assistants to the Executive Secre- 
tary as the Board may consider desir-— 
able. 

In order to effect these changes in the | 
administration of the Society, appro-— 
priate amendments of the By-laws are ~ 
required. Such amendments, together 
with certain other amendments of the 
By-laws, were formally proposed to the 
membership by Letter Circular to Mem-— 
bers No. 264 dated May 25, 1945, to 
which reference is made in a later section © 
of this report. Particular attention is. 
called to the method recommended in a_ 
new Article XI to provide for the transi-— 
tion period prior to the formal institu- 
tion of the Board of Directors. 

Committees of the Board.—It is be- 
lieved that the present six committees 
of the Executive Committee have proved _ 
adequate for the purpose of detailed 
consideration of various lines of work. 
However, in view of the decision re- 
corded elsewhere in this report that con- 
sideration of district activities shall be 
assigned to a new administrative com- 
mittee, it is planned to change the 
present “Committee on District Com- 
mittee and Promotional Activities” to a 
“Committee on Developmental Activ- 
ities.” The new Board of Directors 
would then have serving under it, in- 
addition to the Executive 


latter is a more suitable one and ies 


as described above, the following six 
committees: Finance, Membership, 
Meetings and Program, Developmental — 
Activities, Technical Committee Activ-— 
ities, and Inter-Society Relations. 

It is further intended that the Board 
may appoint special committees from its 
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membership as needed for consideration 
of problems of unusual importance not 
comprised in the scope of its regular 
committees. 
Classification of Society Committees.— 
The following classification of commit- 
tees of the Society has been adopted: 


(1) Technical Committees, to comprise 
committees charged with the carrying on of 
research and standardization of materials 
(now designated as “‘standing committees”). 
Included in this category are all committees 
now in the A, B, C, and D groups and Com- 
mittees E-1, E-2, E-3, E-4, E-7, and E-8; also 
research committees, sectional committees 
under A.S.A. procedure, and joint technical 
committees with other bodies. The mem- 
bers of technical committees will be ap- 
pointed or elected as at present and no 
change is recommended in the methods of 
functioning or procedure. 

(2) Administrative Committees, to be ap- 
pointed by and report to the Board of 
Directors and to which the Board assigns 
certain administrative duties and responsi- 
bilities, including also the function of serv- 
ing in an advisory capacity to the Board. 
It is intended that the headquarters staff 
shall continue to provide the secretariat for 
administrative committees. 

Present committees in this category are: 
E-5 on Standing Committees, E-6 on Papers 
and Publications, E-9 on Research, and E-10 
on Standards.! It is proposed hereafter to 
omit the letter designation from these com- 
mittees, using simply the term, for example, 
Administrative Committee on Standards. 
As noted elsewhere in this report the Execu- 
tive Committee has already added three 
new committees to this category, namely, 
Administrative Committees on District 
Activities, on Ultimate Consumer Goods 
and on Simulated Service Testing. 

(3) Special Committees, to be appointed 
by and report to the Board of Directors, to 
work upon special assignments and be dis- 
charged when such assignments are com- 
pleted. Examples of special committees at 
present are the Committees on Edgar Mar- 

1 The By-laws of the Society confer special powers on 


Committee E-10 in respect to passing upon tentative 
standards. No change in this arrangement is proposed. 


burg Lecture, Dudley Medal Award, and 
Headquarters. 

(4) District Committees, which are pres- 
ently appointed by the Executive Committee 
and function under the terms of a Charter 
for District Committees. No changes in 
the present arrangement are proposed, al- 
though the newly appointed Administra- 
tive Committee on District Activities is 
engaged in reviewing all phases of district 
activities, including the manner of appoint- 
ment and the functions of the district 
committees. 


Organization of Headquarters Staff— 
Much thought has been given to the 
organization of the headquarters staff 
along lines better suited to the technical 
and business activities of the Society 
as they have grown and developed, es- 
pecially in the past five to ten years. 
A thorough study was made of present 
and potential duties of the staff, which 
led to the conclusion that the staff 
should be organized under five depart- 
ments with approximate responsibilities 
as follows: 


(1) Technical Activities Department 
headed by a Technical Secretary and re- 
sponsible for all administrative contacts 
with the technical committees of the So- 
ciety, including research committees, and 
with joint and sectional committees; for 
technical cooperation with Governmental 
agencies; and for technical and committee 
sessions of national and district meetings. 
This will include administrative responsi- 
bility for research, development of tests and 
specifications, reports, special articles, etc.; 
expansion of technical activities; committee 
membership and records; committee meet- 
ings, minutes; technical inquiries and 
correspondence. 

(2) Editorial Department headed by an 
Editor and responsible for the editing and 
printing of all publications; also responsible 
for technical library. 

(3) Field and Secretarial Department 
headed by an Assistant Secretary and re- 
sponsible for the following activities: Dis- 
trict activities, including meetings and 
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programs, personnel records, reports, etc.; 
exhibits and certain phases of national 
meetings; developmental activities including 
membership, publication sales and general 
publicity; advertising; and miscellaneous 
secretarial duties. 

(4) Finance Department headed by a 
Treasurer and responsible for membership 
records, including geographical and indus- 
trial classifications and correspondence; re- 
ceipt and disbursement of all monies of the 
Society ; accounting, cost and other financial 
records, including those of the Employees 
Retirement Plan; and custody of securities. 

(5) Office Management Department headed 
by an Office Manager and responsible for 
the following activities: Distribution and 
sales of publications, including shipping and 
stock records; mail, addressograph and 
duplicating work; general files; office sup- 
plies; and the general problems of office 
management, including headquarters main- 
tenance, telephone switchboard, etc. 


One of the most important changes of 
policy involved in this method of or- 
ganizing the staff is the decision to ex- 
pand and improve the staff contacts with 
the technical committees of the Society. 
The work of these committees is steadily 
increasing and with the growing rami- 
fications and inter-relationships of the 
materials field there is increasing need 
for closer coordination of their activities. 
This will be greatly facilitated by having 
staff men assigned to selected groups of 
committees to attend their meetings and 
assist the committee and subcommittee 
officers in various ways—to be in effect 
a liaison between the technical commit- 
tees and the administrative groups of the 
Society in matters of policy, procedure, 
expansion of activities, development of 
standards and reports, and the like. 
This work will be one of the important 
assignments of the Technical Activities 
Department and it is the intention of the 
Executive Committee to add qualified 
persons to the headquarters staff for 
these purposes. The appointment last 
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fall of Carter S. Cole as Staff Engineer 
was the first of such appointments. 

When the organization of the marl 
quarters staff along the lines above in- 
dicated has been completed, the eee 
tive Committee is confident that the 
staff will be better fitted to perform the 
enlarged activities and responsibilities — 
that lie ahead of it. It is realized that 
all it is desired to do cannot immediately — 
be accomplished, but the major elements’ 
of the plan will be effectuated as soon 
as possible. 


New Society Headquarters: 


As recently announced to the member- 
ship in Letter Circular No. 265 under — 
date of June 22, 1945, the Executive 
Committee has:taken one of the most 
important steps in the Society’s history, 
namely, the purchase of a property to — 
become a permanent headquarters from 
which the Society can more effectively - 
serve its members in the future. The 
story is told so fully in the Letter Circu- 
lar that this report need include only the 
principal features of the project. 

As most of our members know, the 
Society’s offices have throughout its— 
existence been maintained in rented 
space—first, at the University of Penn- 
sylvania; then, beginning in 1919 at the 
Engineers’ Club of Philadelphia; and 
finally in the Atlantic Building at 260 
South Broad St., Philadelphia, where 
space first leased in 1933 has been twice 
expanded to provide the present quar- 
ters. While these have well met the 
Society’s requirements they are now 
badly crowded and further expansion in 
the present location is impossible; in 
fact, the Executive Committee learned 
toward the close of last year that it 
would not be possible to renew the pres- 
ent lease expiring December 31, 1945. 

The extension of research and stand- 
ardization into new fields has greatly 
increased the Society’s services, especi- 
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ally in the form of new publications, all 
of which has required substantially in- 
creased technical and clerical personnel 
and publication storage and shipping 


facilities. The staff has more than 
doubled in the past decade and with the 
intensive technical work already in sight 
for the post-war era and the consequent 
staff expansion the headquarters require- 
ments will continue to grow. 

Anticipating these developments, and 
realizing that the acquiring of larger 
quarters under present rental conditions 
would entail substantially increased costs 
of operation, the Executive Committee 
over a year ago began to consider the 
desirability of discontinuing leasing en- 
tirely and of buying a suitable building 
to provide a permanent home for the 
Society. A Special Headquarters Com- 
mittee was appointed to study the situ- 
ation and if possible to locate a property 
in or near the central business district 
of Philadelphia that would meet our 
requirements. This Committee consists 
of Messrs. Judson F. Vogdes, Jr., Chair- 
man, E. J. Albert, G. H. Clamer, P. H. 
Dike, and Alexander Foster, Jr. After 
thorough canvassing of available prop- 
erties, this committee recommended the 
purchase of the building at 1916-18 
Race St., Philadelphia; the Executive 
Committee concurred in the recom- 
mendation and has executed an agree- 
ment of sale for which settlement will be 
made on August 1. 

About the Property-The property 
faces the Benjamin Franklin Parkway 
at Logan Square about one-half mile 
northwest of Philadelphia’s City Hall. 
Facing the Square on the west is the 
Franklin Institute and on the north the 
Philadelphia Public Library—both valu- 
able to the Society in its work. Imme- 
diately to the east is the Academy of 
Natural Sciences. The Parkway is one 
of Philadelphia’s finest avenues, with 
building and zoning restrictions on ad- 
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joining areas such as to insure for all 
time the beauty and dignity of this 
thoroughfare. 

The building occupies about eighty 
per cent of the area of a lot 40 by 130 ft. 
It consists of a basement, three stories 
and a penthouse, of substantial masonry 
construction, with limestone facing on 
the front and side. An 18-ft. driveway 
on the property of the Academy of 
Natural Sciences separates it from that 
building on the east, giving excellent 
light on three sides. A street in the 
rear provides convenient access for de- 
liveries and for shipment of publications. 
Central steam heat is an attractive 
feature. 

There are about 11,000 sq. ft. of avail- 
able space which is over twice that 
presently occupied, and there is room 
for expansion in later years if necessary 
by building over the present one-story 
structure in the rear. 

Considerable interior alteration will 
be required, for it is the desire of the 
Executive Committee to remodel the 
building in the most effective way to 
meet the Society’s requirements for its 
general offices, its library, facilities for 
the storage and distribution of its publi- 
cations, and as headquarters for officers, 
directors and members of the Society 
and for conferences of its administrative 
and other committees. The services 
of an architect have been retained, and 
plans and specifications for the altera- 
tions and improvements are being de- 
veloped. Particular attention will be 
given to the adequacy of facilities for the 
members and committees of the Society. 

It is realized that the complete plan 
for remodeling may not be immediately 
possible of accomplishment because of 
present war-time restrictions. It is pro- 


posed, however, to work to the complete 
plan as closely as present conditions will 
permit and, where necessary, to defer 
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installation of equipment and materials 
till they become available. 

The property will afford, the Execu- 
tive Committee believes, an ideal solu- 
tion to the headquarters problem—it 
will provide space and facilities for staff 
and members’ use adequate for many 
years, free us from the uncertainties 
inherent in the use of leased space, and 
give to the members a distinctive head- 
quarters more nearly commensurate 
with the high standing and prestige of 
the Society. 

The decision to maintain the Society 
headquarters in Philadelphia was made 
by the Executive Committee after care- 
fully weighing the pros and cons of other 
locations, such as New York, Washing- 
ton, and Chicago, each of which has at 
one time or another been mentioned. 
In particular, New York has been sug- 
gested by various members because of 
the location there of the Engineering 
Societies Building, but such a move has 
not been favored for a number of reasons, 
not the least of which is the greatly 
increased cost of operation there. Since 
Philadelphia has proved over the years 
to be well suited to the conduct of the 
Society’s work and is known the world 
over as the home.of A.S.T.M., the Execu- 
tive Committee is convinced that the 
decision to remain in Philadelphia is 
wise and will meet with the approbation 
of the members. 

Financial Aspects——The property is 
being obtained at a favorable price, so 
that with the excellent location and the 
expectation of enhancement of values 
adjacent to the Parkway, the purchase 
is a sound one. The ultimate cost is 
estimated at $125,000, including the ex- 
tensive alterations required, improve- 
ments, and new furnishings. The Ex- 
ecutive Committee believes that to use 
the Society’s reserve funds in the fi- 
nancing of this project would jeopardize 
the continued technical service of A.S. 
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T.M. to its members and to industry, 
since these reserves have been built up 
in recent years solely to meet the de- 
mands of expanded technical activities 
and to provide against future periods of 
economic adversity and reduced income. — 

To borrow the necessary funds would — 

still require in the future the use of 
current income or reserves for interest — 
and amortization of indebtedness, at 
the expense of the development of our 

technical services. 

If the building can be owned by the 
Society clear of indebtedness, it is con- 
servatively estimated that the new head-_ 
quarters can be operated at an annual > 
expense actually no more than the pres- | 
ent rental and less than half that of | 
renting equivalent space in a suitable 
location. Thus the overhead expense 
of maintaining headquarters would be 
kept to a minimum and the Society’s: 
income used to the maximum possible | 
extent for the advancement of its tech- 
nical work. 

$125,000 Building Fund.—The Execu- 
tive Committee accordingly decided to— 
appeal to the membership of the Society — 
for contributions to an A.S.T.M. Build- 
ing Fund of $125,000, which if realized 
will make it possible for the Society 
to own its headquarters completely - 
clear of indebtedness. Letters of in-. 
vitation to contribute to this Fund have 
been addressed to a limited number of 
the active company members of the 
Society, and with the above mentioned 
Letter Circular there was extended to 
all members, individuals and companies 
alike, an invitation to subscribe to the 
Fund. The response to these invitations 
has been most gratifying, evincing a keen | 
interest in seeing the Society located in a 
permanent home and a desire to lend 
substantial financial support to make 
such a home possible. As this report 
is written subscriptions have reached a 
total of nearly $70,000. 
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Letter Circular. 


It is to be understood that the Build- 
ing Fund will be used only for capital 
expenditures that is, purchase of prop- 
erty, alterations and improvements, and 
furnishings—not for operating expenses, 
which will be met from current income. 

The Executive Committee has taken 
this important step in the confident be- 
lief that the membership will agree that 
it is in the best future interests of the 
Society and that we are most fortunate 
in having located so suitable a property 
in the emergency that faced the Society. 
With the successful establishment of the 
Building Fund through the generous 
support of the members, 1946 will see us 
established in the new Society-owned 
Headquarters in which the entire mem- 
bership can take great pride. 


Proposed Amendment of By-Laws: 


In accordance with the provisions of 
the By - laws governing amendments 
thereof, the Executive Committee sub- 
_ mitted to the membership of the Society 

under date of May 25, 1945, through 
Letter Circular to Members No. 264, 


_ proposals that the By-laws of the Society 


be amended as set forth in detail in the 
For convenience and to 
facilitate comparison, the present By- 
laws and the proposed amended By-laws 
were published in parallel columns. 

The proposed amendments were ap- 
proved at the meeting of the Executive 
Committee on April 10, 1945, for sub- 
mission to the Society at the Annual 
Meeting on Wednesday, June 27, and 


_ in accordance with that action they are 


herewith presented for consideration of 
the meeting with the recommendation 


of the Executive Committee that they 


be referred to a letter ballot vote of the 


Society for adoption? 


2 The amended By-laws were approved by letter ballot 

vote of the Society canvassed on September 15, 1945. The 

ey as ~~ y are published in the 1945 A.S.T.M. 
ear Book, p. 433 
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The proposed amendments are in- 
tended to accomplish the following 
princip»! _urposes: 


(1) More Suitable Classification of Members, 
This is accomplished in the proposed amend. 
ments of Article I, by subdividing the present 
class of “Member” into two classes, “Individual 
Member” and “Company Member,” and defin- 
ing more precisely what is meant by Individual 
Member, Company Member and Sustaining 
Member. The new classification is in line with 
usage that has come about in the years since the 
dues of “Company Members” were raised to 
$30 and the class of Sustaining Member at $100 
dues was established. Furthermore, the new 
classification facilitates the statement of the 
amounts of the annual dues for the several 
classes of membership in Article VIII. J¢ is to 
be noted that no change in the annual dues of any 
member is involved in the proposed amendments 
of Articles I and VIII. 

(2) Broader Qualifications for Honorary Mem- 
bership. The Executive Committee believes 
that persons who have rendered “especially 
meritorious service to the Society” should be 
eligible for election to honorary membership; 
also, in view of the growth in society member- 
ship since the class of honorary member was 
first established in 1912, that the limit upon the 
number of such members should be increased 
from ten to twenty. These purposes are accom- 
plished in the proposed amendment of Article 
I, Sec. 5 (new Sec. 7). 

(3) Elimination of the Provision for Member- 
ship in Perpetuity. This purpose is accom- 
plished by striking out of Article VIII, Sec. 3, 
the following sentence: “The cost of membership 
in perpetuity to companies, firms, corporations, 
industrial associations and’ commercial testing 
laboratories shall be $600; to other organizations, 
$300.” The Executive Committee believes that 
retention of this provision is no longer advisable 
in view of the establishment in recent years of 
the class of sustaining membership at annual 
dues of $100, which it is desired to promote as 
an effecuuve means for companies to give in- 
creased financial support to the Society’s 
activities. Furthermore the variability of earn- 
ing power of investments is such that the 
amounts specified for acquisition of membership 
in perpetuity are frequently inadequate for the 
purpose. Thus the amounts at present speci- 
fied were fixed so that at 5% they would provide 
annual income of $30 and $15, respectively, but 
today only about half this income is returned 
from memberships in perpetuity acquired under 
the present By-laws. 
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It is to be understood, however, that the 
adoption of the proposed amendment will not 
aflect the status of the nine members of the 
Society that now hold membership in _per- 
petuity. 

The Executive Committee believes it is 
desirable to retain the provision, customary in 
the technical and professional societies, whereby 
a person may acquire a life membership. 

(4) Substitution of a Board of Directors for 
an Executive Committee as the Governing Body 
of the Society. This is the most important of 
the amendments recommended by the Execu- 
tive Committee and is discussed fully in another 
section of this report. Briefly, the proposed 
amendments are designed to provide for fifteen 
Directors serving for terms of three years, in 
place of ten Members of Executive Committee 
serving for terms of two years, with the Di- 
rectors so Classified that the terms of office of 
five Directors shall expire each year. It is 
then proposed to designate the new governing 
body as the Board of Directors, comprising the 
President, two Vice-Presidents, fifteen Directors 
and the last three Past-Presidents continuing 
to be members. The Board of Directors would 
be empowered to appoint from its members a 
small Executive Committee (not over six in 
number) to which the Board of Directors may 
delegate such of its authority as it may from 
time to time determine. It is further proposed 
that the Board of Directors shall hold three 
regular meetings a year, with the thought that 
the Executive Committee, being smaller, can 
meet more frequently as the business of the 
Society may require. 

These changes in administrative set-up are 
accomplished by the amendments proposed in 
Articles II and IV. 

A new Article XI is proposed as the most 
effective means of providing for the transition 
period between adoption of the amendments 
and the time that the new Board of Directors 
‘starts to function. Under the provisions of 
this Article, if adopted, the ten Members of 
Executive Committee in office after the close 
of the 1945 annual meeting will have one year 
added to their respective terms and will take 
office as Directors at the close of the 1946 
annual meeting. Then at that annual meeting 
the Society will elect by prescribed procedure 
a President for a term of one year, a Vice- 
President for a term of two years, and five 
Directors for a term of three years. 

(5) Change in Title of “Secretary-Treasurer” 
lo “Executive Secretary.” The Executive Com- 
mittee believes that the title “Executive Secre- 
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tary” is a more suitable one and that it better 


describes the duties and responsibilities of the Y 


office of Secretary-Treasurer as now defined. 
Provision for this change is made in the amend- 
ment of Article II, Sec. 1; and by the amend- 
ment of Article II, Sec. 5 the Board of Directors 
would be empowered to appoint an Assistant 


Executive Secretary, a Treasurer, an Assistant } 


Secretary, and such other assistants to the 


Executive Secretary as it may desire. . 


(6) Substitution of the Collective Noun “Ten- 
tatives” for “Tentative Standards.” ‘This is an 
editoria! change in keeping with an earlier 
decision of the Executive Committee and is 
discussed elsewhere in this report. It affects 
only Article VII, which prescribes the proce- 
dure governing the adoption of standards, 
No changes whatever in this procedure are 
being proposed. 


The reniaining proposed changes in 
the By-laws are purely editorial in 
nature, involving mainly the substitu- 
tion of the words “Board of Directors” 
for “Executive Committee” and “Ex- 
ecutive Secretary” for “Secretary-Treas- 
urer” wherever they appear in the By- 
laws. No changes other than editorial 
are proposed in Nomination of Officers, 
Article III; Meetings, Article V; Ad- 
ministrative and Other ’ Committees, 


Article VI; Resignations, Article IX; 


and Amendments, Article X. 
Members not planning to attend the 
annual meeting have been invited to 


= 


send their comments on these proposed © 


amendments to the Executive Commit-_ 
tee, in order that their views may be 
taken into consideration. 


Proposed Amendment of Charter: 


As explained in the 


Letter Circular to Members No. 264, 
dated May 25, 1945, the proposed sub- 


stitution of a Board of Directors for an 
=xecutive Committee as the governing 


body of the Society will necessitate an 
amendment of the Charter of the Soci- 
ety,? inasmuch as that document in 


2The Charter is published in the 1944 A.S.T.M. 
Year Book, pp. 366-67. 
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Sections 6 and 8 thereof specifically 
names an Executive Committee as the 
managing body of the corporation. The 
amendment of the Charter can be made 
only through court approval under the 
provisions of the laws of the Common- 
wealth of Pennsylvania. The law pro- 
vides that before application is made to 
the court for amendment, a resolution 
authorizing the proposed amendments 
shall be adopted by the affirmative vote 
of at least a majority of the members 
entitled to vote thereon at a regular or 
special meeting duly convened after at 
least ten days written notice to all 


_ members for this purpose. 


Accordingly, in order that the amend- 
ments of the By-laws of the Society 
relating to the establishment of a Board 
of Directors as the managing body of the 
corporation may become legally effec- 
tive, the Executive Committee, having 
unanimously approved the proposed 
amendments of the Charter at its meet- 
ing on April 10, 1945, notified the mem- 
bers of the Society in the Letter Circular 
that it will submit the following resolu- 
tion to the Annual Meeting with recom- 


mendation for favorable action: 


RESOLUTION 


WHEREAS, the annual meeting of the Society 
has voted to refer certain amendments of the 
By-laws of the Society to a letter ballot of the 
entire membership in accordance with the 
terms of Article X of the By-laws; and 

WueErEAS, these amendments include, inter 
alia, a proposal to substitute a Board of Di- 
rectors for an Executive Committee as the body 
in which the general management of the So- 
ciety will be vested; and 

Wuereas, the Charter of the Society speci- 
fically names an Executive Committee in which 
such management shall be vested; and 

WHEREAS, amendment of Sections 6 and 8 
of the Charter is necessary before the related 
amendments of the By-laws may become ef- 
fective; and 

WueErEAs, such purpose may be effected by 
changing Sections 6 and 8 of the Charter to read 
as follows: 

“Section 6. The management of the said 
corporation shall be vested in a Board of Di- 
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rectors, consisting of the President, two Vice. 
Presidents, fifteen Directors, and the last three 
Past-Presidents continuing to be members, and 
such other officers as the corporation may from 
time to time appoint.” 

“Section 8. The By-laws of this corporation 
shall be admitted and taken to be its laws 
subordinate to the statute aforesaid; this 
charter; Constitution and Laws of the Common- 
wealth of Pennsylvania, and the Constitution 
of the United States; they shall be altered and 
amended as provided for by the By-laws 
themselves; and shall prescribe the powers and 
functions of the Board of Directors herein 
mentioned and those to be hereafter elected, the 
times and places of meetings of the Board and 
this corporation; the number of members who 
shall constitute a quorum at the meetings of 
the corporation, and the Board; the qualifica- 
tions and manner of electing members; the 
manner of electing officers; and the powers and 
duties of such officers; and all other concerns 
and internal arrangements of the said corpora- 


tion.” 
Now, Therefore, Be It 

RESOLVED, that the American Society for 
Testing Materials in annual meeting assembled, 
after due and legal notice in accordance with 
the laws of the Commonwealth of Pennsylvania, 
approves the above proposed amendments of 
Sections 6 and 8 of the Charter of the Society 
and authorizes the President to present to the 
court appropriate Articles of Amendment to 
the Charter and to take such further action as 
may be required by the laws of the Common- 
wealth of Pennsylvania to effectuate the afore- 
said amendments to the Charter. 


Consideration of and action upon the 
proposed amendments of the Charter 
will accordingly take place at the Annual 
Meeting of the Society on Wednesday, 
June 27. In order that members of the 
Society unable to attend the annual 
meeting shall have opportunity to ex- 
press a vote on the proposed amendment 
to the Charter, a ballot was enclosed with 
Letter Circular No. 264 which the mem- 
bers were invited to mark and return— 
such vote to have the same effect as if 
cast in person at the annual meeting. 
Thus a representative expression of the 
wishes of the membership will be ob- 
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'ice- Committee Activities: 
Ms In this fourth year of the war many 
rom committees of the Society have been un- 
usually active, being engaged upon the 
wt development of tests and specifications 
this for materials of direct importance to the 
10n- war effort. Many of the committees, 
tion however, especially the larger ones, have 
and for the first time been adversely affected 
a by the restrictions on wartime travel 
rein and meetings imposed by the Office of 
the Defense Transportation. Some of the 
and committees have been unable to hold 
a their usual spring meetings and in such 
ee cases wherever possible subcommittee 
the reports are being acted upon by letter 
and vote. Other committees have brought 
cra together the work of their subcommittees 
in the form of progress reports, but 
without recommendations affecting 
standards, which will be considered as 
for soon as it is possible for meetings to be 
led, held. 
oa Despite these difficulties many of the 
ia committees are reporting to the Society 
ety at this annual meeting. All recom- 
- mendations affecting adoption as stand- 
ae ard will be considered at the meeting 
on- for reference to the usual letter ballot 
mre- vote; all recommendations affecting new 
or revised tentative specifications, 
he methods, etc., will for this year be 
ter handled entirely by the alternate proce- 
al dure through the Committee on Stand- 
Ly, ards provided for in the By-laws. 
he Articles in recent issues of the ASTM 
1al BULLETIN have kept the members cur- 
X- rently informed of the more important 
nt committee activities and a review article 
th planned for the August issue will sum- 
= marize actions of the Annual Meeting 
- and of the Committee on Standards. 
2. In the report a year ago the Executive 
“a Committee announced the decision to 
ne form a new Committee D-14 on Adhe- 


sives. This committee was organized 


EXECUTIVE COMMITTEE 


on June 20, 
scope: 


1944, with the following | 


“The formulation of specifications, methods — 
of test and definitions of terms pertaining to i. 
adhesives, including animal, vegetable, mineral _ 
and the synthetic types.” ; 


Six subcommittees have been formed to 
which various types of tests and specifica- _ 
tions have been assigned for study. 
Some progress has been made and the 
work of the committee will be further 
advanced through a series of meetings — 
to be held this month at which informal 
papers summarizing present knowledge 
of various properties of and tests for 
adhesives will be presented and dis- 
cussed. 

As announced a year ago, the scope of 
Committee D-7 on Timber (now Com- 
mittee D-7 on Wood) was expanded to 
include the fields of plywood and wood 
laminates. During the year the follow- 
ing statement of scope was adopted for 
the committee: 


“Nomenclature, quality classifications, speci- 
fications, methods of test, methods of and mate- 
rials for modifying properties, effect of various 
factors on the properties, questions of utility, 
and related subjects pertaining to wood, modi- 
fied wood, veneer, plywood, and wood- and 
wood-base laminates.” 


The committee has brought into its 
membership several new members espe- 
cially qualified on the subject of plywood — 
and is presently engaged in a substantial 
expansion of its personnel. 

During the year the activities of 
Committee D-10 on Shipping C 
have been revived. This committee had 
been inactive for some time but the 
importance of packaging problems in the 
war effort and the urgent need for stand- 
ard methods of test for various types of 
containers led to the assignment of 
specific problems to the committee at 
the request of the War Production 
Board that the Society develop a series 
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of test methods for shipping containers. 
A number of new members have been 
added to the committee so that various 
groups of producers and users of the 
several types of containers will be ef- 
fectively represented. An organization 
meeting of the enlarged committee was 
held in New York City on March 22, 
1945, at which considerable progress was 
made in the development of a number of 
test methods. Some of these will be 
- recommended to the Society in the near 
future for acceptance as tentative and 
others are being given further study by 
the committee. The scope of the com- 
_mittee was revised as follows: 


“The formulation of performance specifica- 

tions, methods of test, and definitions of terms 
pertaining to shipping containers. The term 
‘shipping container’ as used herein shall mean 
the complete container with any or all interior 
packing.” 
_ The Executive Committee is at present 
_ considering the relationships of the scope 
of this committee and that of Committee 
D-6 on Paper and Paper Products, as 
pertaining to fiberboard containers. 

Following are other actions during the 
year on titles and revised scopes of 
standing committees: 

Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought: 


“The scope of the committee shall be copper 
ingot for remelting, and commercial cast copper 
and wrought copper products directly intended 
_ for industrial use, including all alloys founded 
upon copper as a base material used in cast or 
wrought form. Not included are copper cath- 
odes; or copper cakes, slabs, billets, wire bars, 
etc., intended for rolling to finished shapes; 
copper alloy die castings; and copper and copper 
alloy wire specified for use as electrical con- 
ductors.” 


Committee D-11 on Rubber and 
Rubber-Like Materials (formerly Com- 
-mittee’D-11 on Rubber Products): 


“Formulation of specifications, methods of 
test, and definitions of terms pertaining to rubber 
and rubber-like materials and products there- 


from, including research concerning the proper- 
ties of such materials and products.” 


Committee D-17 on Naval Stores: 


“The formulation of specifications, methods 
of test, and definitions relating to the products 
generally included in the term ‘naval stores, 
which includes turpentines, rosins, pine oleo- 
resins, pine oils, resin oils, tall oils, wood tars, 
wood pitches, and other closely related natural 
resinous materials.” 


Committee D-18 on Soils for Engineering 
Purposes: 

“The formulation of specifications and 
methods for the sampling and testing of soils for 
civil engineering purposes, the selection of ac- 
ceptable nomenclature and definitions, and the 
promotion of research activity in the general 


field of properties and behavior of soils for civil 
engineering purposes.” 


The Executive Committee has under 
consideration a recommendation of Com- 
mittee B-1 on Copper and Copper-Alloy 
Wires for Electrical Conductors that its 
title be changed to read: “Wires for 
Electrical Conductors,” and its scope 
re-defined as folfows: “Specifications 
and methods of test for uninsulated wire 


for electrical conductors, solid, stranded, 
and braided.” The Coordinating Com- 
mittee on Non-Ferrous Metals and 
Alloys has been requested to consider 
this recommendation and to secure 
the advice of interested ferrous metals 
committees. 

The Executive Committee presently 
has under consideration questions of 
possible overlapping in jurisdiction and 
scope affecting Committees D-11 and 
D-14 as to adhesives, D-1 and D-17 as 
to turpentine, and D-1 and D-16 as to 
certain aromatic hydrocarbons. 

In line with recommendations from 
the committee itself, the Coordinating 
Committee on Non-Ferrous Metals and 
Alloys has been re-constituted to consist 
of the chairman and secretary of each B 
committee. It was further agreed that 
the Secretary-Treasurer or his designated 
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representative would serve ex-officio as 
chairman of the Coordinating Committee 
and Carter S. Cole, Staff Engineer, has 
been so designated. 

The Executive Committee has called 
attention of the various committees now 
specifying requirements for standard 
conditions of temperature and humidity, 
to the lack of uniformity in this field and 
the desirability of standardizing on a 
single set of humidity and temperature 
conditions. ‘This was done through the 
medium of Subcommittee X, of Com- 
mittee E-1, on Conditioning and Weath- 
ering upon which are represented all 
committees of the Society having an 
interest in this subject. Certain modi- 
fications in the A.S.T.M. Tentative 
Definitions with Procedures Relating to 
Conditioning and Weathering (E 41 - 
42 T) under consideration in Committee 
E-1 on Methods of Testing will serve to 
call attention to the situation as it 
exists today and to the desirability of 
trying to work to a common standard. 

Much thought has been given to the 
part that the Society might helpfully 
take in the development of Quality 
Control of Materials—an activity stem- 
ming from work on statistical analysis 
of test data and the application of the 
science of statistical analysis to the 
controlof quality. This hasbeen greatly 
stimulated by the need for improved 
methods of control of the quality of war 
materials and products, and extensive 
courses conducted by the Army in various 
war production centers have aroused a 
great deal of interest in the subject. The 
Society has made several important 
contributions in this general field through 
the work on presentation and interpreta- 
tion of data begun some years ago under 
the auspices of Committee E-1 on 
Methods of Testing and reflected in the 
Manual on Presentation of Data. It 
seems clear that this work needs to be 
brought up to date and such further 
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information developed as wil] serve 
members of the Society in the field of 
quality control. In addition there is 
another important field that should be 
covered, namely, the application of 
statistical controls to the planning of 
research and experiment. The Execu- 
tive Committee has concluded that the 
entire subject is of such importance as 
to justify the formation of a separate 
standing committee on Quality Control 
of Materials of sufficiently broad scope 
to bring various phases of the problem 
under unified direction. ‘The Secretary- 
Treasurer has been authorized to proceed 
with the organization of such a commit- 
tee and to take carefully into considera- 
tion the coordination of this work with 
the activities of other bodies, notably 
committees of the National Research 
Council and the Social Science Research 
Council. 

In view of the fact that the patent on 
the Union Colorimeter held by the 
Sinclair Oil Corporation has expired, the 
agreement between the Society and the 
Sinclair Oil Corporation respecting the 
references to the patent in A.S.T.M. 
Method D155-39T, as well as an 
exclusive license given by the Corpora- 
tion to C. J. Tagliabue Manufacturing 
Co., have been terminated. Accordingly 
Committee D-2 on Petroleum Products 
and Lubricants in charge of the aforesaid 
method has approved the deletion of the 
following sentence from Section 2 (a) 
of the method: 


“The A.S.T.M. Union Colorimeter shall bear 
a metal nameplate marked with the following 
description and a serial number: 
A.S.T.M. Union Colorimeter 


Licensed under U.S. Patent No. 1,495,763.” _ 


Details of editing of the method are 
being taken up with Committee D-? 

In consideration of the fact that on 
many of our standing committees some 
members stand in the relation of con- 
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sumer to certain products and in that of 
producer to other products within the 
province of the committee, it has been 
arranged on the recommendation of the 
Study Committee that the standard 
letter ballot used by standing commit- 
tees be revised by adding a fourth column 
wherein with respect to each item the 
voter may state his classification as 
consumer, general interest, or producer. 
This will materially assist the committee 
officers in canvassing and reporting re- 
sults of ballots. (For copy of revised 
ballot see 1944 Year Book, page 382.) 


- District Committees and Meetings: 


A number of notable technical meet- 
ings were sponsored by the various 
District Committees, condensed informa- 
tion on these appearing in the accom- 
panying table. All but one of the 
districts held such sessions. 

Undoubtedly the Symposium on Mag- 
netic Particle Testing, in Philadelphia, 
was the most extensive meeting, com- 
prising two sessions with eight technical 
papers, but sessions in Detroit with 
three speakers on Life Testing of Mate- 
rials, the two Philadelphia meetings on 
Hardenability of Steel and Experimental 
Stress Analysis (two sessions) and the 
meeting in New York on Processing 
Materials from Petroleum drew large 
audiences of members and visitors. 

For most of these meetings invitations 
were extended to the members of local 
societies and chapters of national or- 
ganizations because the technical sub- 
jects covered usually were of interest 
to rather broad cross-sections of techni- 
_calmen. This policy has the advantage 
of promoting a knowledge not only of the 
properties and tests of materials, but 
also the effective A.S.T.M. work in 
materials. 

The Pittsburgh District Committee 
had planned an extensive Symposium 
Bb Corrosion Prevention to feature the 


1945 Spring Meeting of the Society dur- 
ing A.S.T.M. Committee Week, but as 
noted later this Spring Meeting was 
cancelled. 

The District Committees in Cleveland, 
Detroit, and Chicago continued their 
affiliation with the councils or societies 
of local sections and chapters in the 
engineering field, and in New York and 
Chicago the committees cooperated in 
War Production Conferences sponsoring 
sessions on topics of concern to the field 
of materials. The Pittsburgh District 
has joined with other societies in that 
area in sponsoring the publication of the 
“Pittsburgh Technical Calendar” distrib- 
uted monthly listing the meetings of 
all participating societies, and it is 
expected the New York District Com- 
mittee will participate as an active 
member of the Northern New Jersey 
technical societies group which likewise 
is distributing regularly a calendar of 
meetings of various societies. News 
articles on all of the district meetings 
have appeared in the ASTM Butte- 
TIN, and abstracts of many of the papers 
have been included; some of the papers 
have been published in full. The Sym- 
posium on Magnetic Particle Testing 
will be issued in book form later in the 
year. 

President Bates has visited many of 
the districts (as senior Vice-President 
he addressed meetings of the Southern 
and Northern California Districts in 
May 1944) and has been a speaker at 
these meetings, covering either the 
subject of portland cement and concrete, 
or activities at the National Bureau of 
Standards of interest to materials en- 
gineers. Some member of the Head- 
quarters Staff has usually attended the 
meetings. 

The Executive Committee is apprecia- 
tive of the intensive efforts which the 
officers of the District Committees and 
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lur- the district members have devoted to 
as meetings and other work in furthering 
vas the purposes of the Society. 
Administrative Committee on District Ac- 
nd, tivities: 
md In order better to coordinate district 
the activities and in recognition of the place 
al of increasing importance which districts 
in are assuming in Society activities, the 
ing Executive Committee (acting upon a 
eld recommendation of the Study Commit- 
et tee) has appointed an Administrative 
wm Committee which will have responsible 
the charge for the Executive Committee of 
nw all district work. Each of the members 
a of the committee has been very active 
. in Society work and has participated in 
~~ the work of his respective district. 
bee The committee was organized at a 
sey meeting in Detroit on May 15, 1945, 
ion and a number of recommendations are 
a being developed. Revisions in the char- 
si ter for districts are being studied and a 
1gs manual for the guidance of districts, 
=, essentially a compendium of good prac- 
on tice, has been drafted. ‘There has been 
- referred to the committee a number of 
sie recommendations pertaining to district 
ing activities considered by the Executive 
i. Committee during the year, including a 
series of recommendations submitted 
of to the Executive Committee a year ago 
nt in a report by Past-President Harvey on 
mn his retirement from the presidency. 
in The personnel of the committee follows: 
at Administrative Committee on District Activilies 
he od H. Fellows, Chairman, Head, Chemical Divi- 
| sion, Research Dept., The Detroit Edison Co., 
te, Detroit, Mich. 
of Theodore P. Dresser, Jr., Chief Engineer, Abbot 
n- A. Hanks, Inc., San Francisco, Calif. 
W. H. Lutz, Technical Director, Pratt & Lam- 
d- bert, Inc., Buffalo, N. Y. 
he J. deN. Macomb, Assistant to Vice-President, 
Inland Steel Co., Chicago, Ill. 
; R. W. Orr, RCA Victor Division, Radio Corpora- 
a tion of America, Camden, N. J. 
he F. G. Steinebach, The Foundry, Vice-President 
nd and Secretary, Penton Publishing Co., Cleve- 
land, Ohio. 
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National Meetings: 


In the accompanying table are listed 
all meetings of a national or district 
nature held during the past year, in- 
cluding the 1944 Annual Meeting. Notes 
on some of the outstanding meetings 
have been given in the preceding section 
of this report. The annual meeting in 
New York in June and a joint meeting 
with the American Institute of Mining 
and Metallurgical Engineers in Novem- 
ber were outstanding events and some 
notes on these are desirable for this 
record. 

Annual Meeting in New York, N. Y.., 
June 26-30, 1944.—The Forty-seventh 
Annual Meeting of the Society, held in 
New York, N. Y.. because of the large 
concentration of members and committee 
members in the metropolitan and neigh- 
boring areas, resulted in the largest 
attendance by far at any meeting, with 
total registration of 2063, including 1185 
members, 368 committee members, and 
510 guests. Actually the attendance 
was greater than the recorded figures. 
While the meeting was planned in full 
cognizance of the wartime conditions, 
with technical sessions and all functions 
confined strictly to technical work, it 
was necessary to have sixteen sessions 
in order to provide sufficient time for 
the presentation of the large number of 
technical papers and reports; and there 
were some 300 technical committee 
meetings, this large number due in part 
to the fact that many of the committees 
had deferred holding meetings until the 
Annual Meeting, but also in considerable 
measure because of the increasing techni- 
cal activities of the Society’s committees 
which are growing in° number and ex- 
tending their work into many new fields. 
Full details of the meeting have been 
given in the ASTM Buttetin and the 
Summary of Proceedings, but it is 
appropriate to note the outstanding 
Symposium on Colorimetry and Photo- 
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Meeting 


Annual Meeting 


Joint Technical Meeting 


Place 


New York, N 
Waldorf- Astoria 
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| Date 


June 26-30, 1944 


A.S.T.M. MEETINGS JUNE, 1944—MAY, 1945, INCL. 


Notes 


| 16 Technical Sessions 
30 Committee Meetings 
(2063 attendance) 


Philadelphia, Pa. 


November 29, 30, 
December 1, 1944 


Sympsoium on 
Cookies 
pecial Meeting sponsored jointly b 
A.S.T.M. and Metals Div. AME 


Stress-Corrosion 


Spring Meeting 
A.S.T.M. Committee 
Week 


Eight technical sessions, with 
dinner. (Attendance 350). See 

text. 
and Canceled See Text - 


Z District or Local Meet- 
ings (Sponsored by} 
Groups in Cities In-) 

dicated) 


Los Angeles, Calif. 


September 27, 1944 


Philadelphia, Pa. 


October 12, 1944 


Pittsburgh, Pa. 


October 26, 1944 


Detroit, Mich, 


"Philadelphia, Pa. 


New York, N. Y. 


November 21, 1944 


January 17, 1945 


January 22, 1945 


Chicago, Ill. 


January 26, 1945 


New High ‘Strength Aluminum Alloys 
for Aircraft by E. H. Dix, Jr. (at 
tendance 150) 


Calculated Jominy Hardenability, by 
oseph Field; The Development of 
Har enability Bands, by Luther C. 
Boyd; The Selection of Automotive 
+ on the Basis of Hardenability, 
oe . L. Boegehold. (attendance 


Portland Cement and the Distinctive 
Characteristics of the Five Different 
Standardized Types, by P. H. Bates; 
and Glass—A Summary of Its Devel- 
opment as an Art and as a Science* 
by F.C.Flint. (attendance 85) 

Life Testing of: Tire Cord, by W. E. 
Roseveare; Metals”, by R. E. Peter- 
son; Lubricating Oil?, by H. C. 
Mougey. (attendance 350) 


Processing Materials from Petroleum,° 
by J. C. Dean; film “Big Inch” 
(attendance over 500) 

Symposium on Magnetic Particle Test- 
ing® two technical sessions; informal 
dinner (attendance 400 and 500 
respectively) 


Processing Materials from Petroleum, 
y J. C. Dean; Notes on ~ Na- 
tional Bureau of Standards, P. H. 
Bates. (attendance 100) 


New York, N. Y. 


January 30, 1945 


War Production Conference. District 
participated in arrangements for 
conference, panels and dinner. (at- 
tendance 1200) 


San Francisco, Calif. 


March 15, 1945 


A.S.T.M. Guest of San_ Francisco 
Chapter American Welding Society 
(attendance 165) 


Buffalo, 


Cleveland, Ohio 


March 28, 1945 


Two sessions; informal dinner; Cast- 
me vs. Forgings vs. Welding, by N. 
L. Mochel; Future Trends in Avia- 
tion, by C. Cc. Furnas; Side Lights 
on the Bureau of Standards Activi- 
ties, by P. H. Bates; and Develop- 
ments in the American 1 for 
Testing Materials, by C. L. War- 
wick. (attendance 100 at each ses- 
sion) 


March 29, 1945 


Technical session, speakers Messrs. 
Mochel, Bates, Warwick; same 
topics as Buffalo, see above. (at- 
tendance 100) 


Chicago, IIl. 


March 29, 1945 


War Production Conference. District 
sponsored panel on Nondestructive 
Testing, with three technical 
papers.® (attendance 200) 
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A.S.T.M. MEETINGS JUNE, 1944—MAY, 1945, INCL.—(Concluded) 


District or Local Meet- 


Meeting Place 


Date Notes 


Philadelphia, Pa. 


ings (Sponsored by 
Groups in Cities In- 
dicated)—Cont. 


April 12, 1945 


sessions; C. H. Gibbons, Strain 
Gages; H. R. Gordon, Structural 
| Trends Dictated by High Speed; J. 
| O. Almen, Effect of Residual 

Stresses. (attendance over 200 at 


each session) 


Philadelphia, Pa. 


@ Published in ASTM Butuetin, No. 132, January, 1945. 
> Published in ASTM BuLtetin No. 133, March, 1945. 


May 17, 1945 


| Popular Night. Film and lecture on 
| Colloids, by L. Drew Betz; plus six 
| sound films (Army and Navy 
| releases). (attendance 185) 


© Published in Chemical and Engineering News, Am. Chemical Soc., Vol. 23, p. 1164, July 10, 1945. — 


To be issued as a separate publication. 


¢ Extended abstracts published in ASTM Butterin, No. 134, May, 1945. 


metry, a notable Edgar Marburg Lec- 
ture by Dr. Harold DeWitt Smith on 
“Textile Fibers—An Engineering Ap- 
proach to an Understanding of Their 
Properties and Utilization” and an 
address on ‘‘Minerals in War and Peace” 
by Dr. C. K. Leith. 

The very large attendance at the 1944 
Annual Meeting, plus the large number 
of technical committee meetings and 
sessions, taxed the hotel facilities greatly. 
If these meetings continue to grow in 
extent, problems of suitable accommoda- 
tions will be acute, particularly in a year 
when an Exhibit of Testing Apparatus 
and Related Equipment might be held. 

Joint A.I.M.E.-A.S.T.M. Technical 
Meeting—A Symposium on Stress-Cor- 
rosion Cracking comprising eight technical 
sessions with 30 technical papers featured 
a three-day meeting held in Philadelphia, 
November 30 and 31, and December 1, 
1944. The event was sponsored jointly 
by A.S.T.M. and the Institute of Metals 
Division of the American Institute of 
Mining and Metallurgical Engineers. 
Many of the papers were preprinted and 
distributed in advance to members of 
both societies, and a most extensive 
publication comprising the symposium 
papers and discussion is ‘n preparation, 
to be issued shortly. During the three- 
day meeting, the A.S.T.M. Philadelphia 
District Committee, jointly with the 


Philadelphia A.I.M.E. section, spon- 
spored an informal dinner, with an 
interesting address by Ralph Kelley, 
President, The Baldwin Locomotive 
Works, speaking on “How Do Things 
Look Today and for the Future” and 
a pertinent technical address by E. H. 
Dix, Jr., Aluminum Company of Amer- 
ica, covering “Critical Discussion of 
Stress-Corrosion Cracking.” 


1945 Spring and Annual Meetings: 


After consultation with the Washing- 
ton Committee on Conventions and the 
Office of Defense Transportation, it was 
deemed advisable in the interest of the 
war effort to cancel A.S.T.M. Committee 
Week scheduled for February 28-March 
2 in Pittsburgh, and to postpone the 
Spring Meeting which would have fea- 
tured an interesting technical Sym- 
posium on Corrosion Prevention. This 
was scheduled for February 28. After 
consultation with the authors, it was 
decided to hold the symposium later if 
possible. 

Since the war emergency has necessi- 
tated the continuance of restrictions on 
travel and conventions, the Executive 
Committee decided to limit the annual 
meeting to one session devoted only to 
the absolutely necessary business of the 
Society. By holding such a meeting in 
New York City where there is a large 


| Experimental Stress Analysis. Two — 
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concentration of membership, a quorum 
for business can be obtained and the 
meeting held within the restrictions 
imposed by ODT. ‘The members were 
accordingly advised that the annual 
meeting would be held on the afternoon 
of Wednesday, June 27 at the Hotel 
Pennsylvania, New York City; and the 
meetings planned for Buffalo, including 
technical sessions, the presentation and 
discussion of reports and papers and the 
holding of the Exhibit of Testing Ap- 
paratus and Equipment, were cancelled. 
All reports and papers scheduled for the 
program will be preprinted and distri- 
buted as usual, and arrangements will 
be made for the presentation and discus- 
sion of selected papers at district meet- 
ings during the year. 


Publications: 


The publication activities of the So- 
ciety for 1944 were extremely heavy, due 
in part to the publication of the Book of 
A.S.T.M. Standards in that year instead 
of 1945 as originally scheduled. This 
was necessitated by the unprecedented 
demand for standards occasioned by the 
war effort, which was so great that the 
supply of the 1942 edition expected to 
last until the end of 1945 was exhausted 
before the close of 1944. Statistics re- 
garding the size and number of copies 
printed of the three parts of the Book of 
Standards appear below, but it is signi- 
ficant to note that in the two years that 
elapsed between the 1942 and 1944 
editions the increase in the number of 
standards and tentative standards in the 
two books was from 1070 to 1235; the 
increase in the total number of pages 
in the two editions was from 4906 to 
6042, or approximately 25 per cent in- 
crease in size. 

Below are listed the regular 1944 
publications distributed to the members: 

1944 Proceedings, 1139 pages, 5850 copies. 
Publication seriously delayed, being completed 


in June, 1945. In addition, preprints of reports 
and papers totaled 1097 pages, 2000 copies. 

1944 Book of A.S.T.M. Standards: 

Part I, 2097 pages, 10,400 copies 
Part II, 1693 pages, 8200 copies 
Part III, 2252 pages, 8100 copies 

Supplement to A.S.T.M. Methods of Chemical 
Analysis of Metals, four separate standards, 
aggregating 20 pages, 4000 copies. Published 
February, 1945. 

Index to 1944 Standards and Tentative 
Standards, 218 pages, 19,000 copies. Pub- 
lished June, 1945. 

Year Book, 408 pages, 4600 copies. 

ASTM BULLETIN, six issues, 464 pages, aver- 
age edition 7600. 


Special compilations of standards pub- 
lished during 1944 and the first five 
months of 1945 are as follows: 


A.S.T.M. Specifications for Steel Piping Ma- 
terials (Committee A-1), 46 standards, 345 pages, 
1700 copies. 

Supplement to A.S.T.M. Standards on Elec- 
trical-Heating and Resistance Alloys (Com- 
mittee B-4), 4 standards, 16 pages, 350 copies. 

A.S.T.M. Standards on Copper and Copper 
Alloys (Committee B-5), 92 standards, 441 
pages, 1200 copies. 

A.S.T.M. Standards on Cement (Committee 
C-1), 20 standards, 175 pages, 2000 copies. 

A.S.T.M. Standards on Mineral Aggregates 
(Committees C-9 and D-4), 44 standards, 120 
pages, 1000 copies. 

A.S.T.M. Standards on Petroleum Products 
(Committee D-2), 97 standards, 524 pages, 
5700 copies. 

A.S.T.M. Standards on Coal and Coke (Com- 
mittee D-5), 28 standards, 132 pages, 1500 
copies. 

A.S.T.M. Standards on Paper and Paper 
Products (Committee D-6), 49 standards, 190 
pages, 1500 copies. 

A.S.T.M. Standards on Rubber Products 
(Committee D-11), 77 standards, 532 pages, 
2000 copies. 

A.S.T.M. Standards on Soaps and Other 
Detergents (Committee D-12), 30 standards, 
172 pages, 1100 copies. 

A.S.T.M. Standards on Textile Materials 
(Committee D-13), 78 standards, 488 pages, 
1800 copies. 

A.S.T.M. Standards on Plastics (Committee 
D-20), 109 standards, 538 pages, 4000 copies. 

Joint Committee Report on Concrete and 
Concrete Aggregates (Supplement printed by 
A.S.T.M.), 142 pages, 1000 copies. 
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The following special publications 
were also issued: 


A.S.T.M. Manual on Presentation of Data 
(Committee E-1), a reprint, 84 pages, 3050 
copies. 

Report of Committee A-5 on Corrosion of Iron 
and Steel, 25 pages, 800 copies. 

Procedure for ‘Testing Soils (Committee 
D-18), 206 pages, 2500 copies. 

Supplement to the Bibliography and Ab- 
stracts on Electrical Contacts (Committee B-4) 
32 pages, 1000 copies. 

Paper and Paperboard—Characteristics, 
Nomenclature, and Significance of Tests (Com- 
mittee D-6), 120 pages, 2500 copies. 

Report on Standard Samples for Spectro- 
graphic Analysis, 24 pages, 1500 copies. This 
represented publication of the results of re- 
searches made for and released by the War 
Metallurgy Committee of the National Defense 
Research Council. 

Symposium on Mildew Resistance, 42 pages, 
1200 copies. 

Symposium on Plastics, 206 pages, 4000 
copies. 

Symposium on Application of Synthetic Rub- 
bers, 140 pages, 4000 copies. 

Symposium on Colorimetry, 150 pages, 1500 
copies (scheduled for publication in June, 1945). 

Round Table Discussion on Organizing the 
Classification of Industrial Waters, 48 pages, 
1000 copies (scheduled for publication in June, 
1945). 

Evaluation of Petroleum Products, 56 pages, 
1000 copies (offset). 

Supplement to X-Ray Diffraction Data 
Cards, 4350 cards, 470 copies (offset). 

Hardenability Chart, 22,000 copies. 

Viscosity Temperature Charts: Chart A, 
11,200 copies; Chart C, 11,000 copies; Chart D, 
9500 copies. 


Particular attention is called to one 
of the publications in the preceding list, 
namely, Paper and Paperboard—Char- 
acteristics, Nomenclature, and Signifi- 
cance of Tests. This is one of the series 
of publications on significance of tests 
that our committees are developing. 
It was prepared under the direction of 
Committee D-6 on Paper and Paper 
Products, published under the editorship 
of R. C. Griffin, and is considered to be 
an outstanding publication of its kind. 
Special mention should be made of the 
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valuable publication resulting from the 
joint meeting of the Society and the 
American Institute of Mining and Metal- 
lurgical Engineers mentioned earlier in 
this report. The meeting comprised a 
Symposium on Stress-Corrosion Crack- 
ing, which contained 30 papers, 20 of 
which were preprinted and the remainder 
mimeographed in advance of the meet- 
ing. The entire symposium with dis- 
cussion is in an advanced stage of 
preparation and is expected to be pub- 
lished in August, 550 pages, 2500 copies. 

A statement of the volume of the 
principal publications for the past four 
years follows: 


1941, | 1942, | 1943, | 1944, 
pages | pages |pages | pages 


Proceedings.................. 1388 | 1225 | 1357 | 1139 
Book of A.S.T.M. Standards..| .... | 4906] .... | 6042 
peu to Book of A.S. 
.M. Standards 173i | ...- | 1006 
A.S.T.M. Methods of Chem- 
ical Analysis of Metals.....| .... | ... 331 32 


Index to A.S.T.M. Standards 
and Tentative Standards 196 | 218 | 218 

Spring Meeting Symposiums..| 202 | .... 135 | 140 


3853 | 6689 | 3539 | 7979 


In view of the greatly increased size 
of the 1944 edition of the Book of Stand- 
ards previously referred to, the list price 
to non-members for each part was in- 
creased from $9.00 to $10.00, and the 
members’ price for extra copies from 
$6.00 to $6.50. For the same reason it 
was necessary to increase the annual 
charge to members to obtain two or all 
three parts of the Book of Standards, 
and as announced at the beginning of the 
year these charges were increased re- 
spectively from $1.50 and $2.50 to $3.00 
and $5.00 a year. 

The Executive Committee is con- 
sidering a proposal that has been made 
that the Society undertake the prepara- 
tion and publication of a book or series 
of books on mechanical testing of 
materials, that would be suitable as text 
and reference books for students, labora- 
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tory operators, material inspectors, and 
the testing profession generally. 

Both the Committee on Papers and 
Publications and the Study Committee 
have given much thought to the publica- 
tion problem presented by the increasing 
size and bulk of the Book of Standards. 
The loose unit system of publication is 
being studied as a possibility. Other 
suggestions that have been advanced 
include, first, further division of the 
present volumes, for example dividing 
Part I on Metals into two volumes 
covering respectively ferrous and non- 
ferrous metals; second, segregating the 
analytical methods from all non-metals 
standards and publishing them sepa- 
rately as is done in the case of methods 
of chemical analysis of metals. It has 
been pointed out that some duplication 
has developed in the quotation of similar 
or identical methods in different specifi- 
cations and that such repetition may 
have to be avoided in the interest of 
keeping the size of our publications 
within reasonable bounds. Accordingly 
the Committee on Publications has been 
directed to continue its study of this 
problem and particularly to examine 
into‘the possibilities of publishing,in a 
separate volume all the methods of 
chemical analysis of non-metals. 

Believing that many members and 
other users of the Society’s standards 
may find it convenient to bind separate 
reprints of standards in groupings of 
their own selection, all such reprints will 
hereafter be punched for the standard 
three-ring binder. Consideration is be- 
ing given to the desirability of the 
Society maintaining a stock of a suitably 
marked binder of good quality to be 
furnished on order to users of A.S.T.M. 
standards who may wish to have such a 
service. Suitable binders are not pres- 
ently available but will probably soon 


be back on the market. oe 


Both the Publications Committee and 
the Study Committee in several meetings 
during the year gave much consideration 
to the methods of publishing the techni- 
cal papers and discussions, whether 
presented at meetings or offered for 
publication in the BULLETIN. The Exe- 
cutive Committee has agreed with a 
recommendation of the Study Commit- 
tee that there should be a more prompt 
publication of technical papers and dis- 
cussions to stimulate wider interest in 
the activities of the Society and particu- 
larly in the problems currently before 
the technical committees. Accordingly 
the following publication procedures 
have been instituted as an initial step 
towards this goal: 

1. Encourage the offering of papers 
at any time throughout the year. Pre- 
print papers approved by the usual 
procedures as soon as they become avail- 
able and publish synopses together with 
announcements and order sheets in the 
ASTM Buttettn. Schedule _presen- 
tation and discussion as at present and 
publish the papers and discussions in a 
bound volume of papers or Proceedings. 

2. Publish in the BULLETIN as well as 
in permanent form, possibly with pre- 
prints, such papers and discussions as 
are deemed to have wide interest or 
educational value. 

3. Continue to publish in the BULLE- 
TIN those technical papers, articles and 
committee reports which appear to have 
current technical or educational value, 
but which do not seem to warrant sepa- 
rate publication or inclusion in a bound 
volume. 

In line with these procedures the 
March BULLETIN contained the first 
separate order sheet for four preprinted 
papers. Furthermore to facilitate in- 
clusion in bound Proceedings of certain 
papers published first in the BULLETIN, 
the format of the latter publication has 


be 
Bi 

ni 
| th 
th 

| re 
ne 

es 

T. 

m 

su 

| pe 
te 

th 

th 

al 

Sc 

| in 
th 

st 

W 

Se 

ol 

a 

t! 

p 

n 

t 

d 

t 

t 

r 


been changed so that type used for 
BULLETIN publication can be conve- 
niently re-made for final publication in 
Proceedings. It is intended to bring 
this policy of offering and publishing 
papers during the year prominently to 
the attention of the members and other 
prospective authors of papers, for it is 
realized that a process of education is 
necessary to break away from the long- 
established concept that papers for A.S.- 
T.M. may be offered only for the annual 
meeting and preprinted at the time of 
such meeting. 

As another step in this study, the 
possibility of establishment of a monthly 
technical journal will be further explored. 

Acting upon joint recommendation of 
the Study and Publications Committees, 
there is being established a Special 
Technical Publication Series to comprise 
all special technical publications of the 
Society (in general, material not included 
in the Proceedings and BULLETIN) and 
the separately published compilations of 
standards. All publications in this Series 
will be numbered serially in chronologic 
sequence retroactive to the organization 
of the Society, with each compilation 
of standards retaining the serial number 
assigned to it. The complete list of 
publications in the Series will be suit- 
ably published, including publication in 
the next five-year Index; also the index 
published in each annual volume of 
Proceedings will include an index of all 
publications issued in the Special Tech- 
nical Publication Series during the year. 

It has been decided to resume publica- 
tion in the Year Book of a geographical 
distribution of the membership of the 
Society. Such a geographical distribu- 
tion was published for some years prior 
to 1932, when it was discontinued for 
reasons of economy. Since then many 
of the district committees of the Society 
as well as other members have been urg- 
ing that publication of a geographical 
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distribution of membership be resumed, 
partly for the convenience of the mem- 
bership generally and partly from its 
advantages from the standpoint of mem- 
bership promotion. The method of 
publication has been left with decision 
to the Committee on Papers and Pub- 
lications. 

Considerable thought has been given 
to the use of the term “tentative stand- 
ard,” which some of our members have 
thought to be a misnomer and tending 
to cause confusion in legal interpretation. 
There seems to be conflicting opinion as 
to the relative status of the two “grades” 
of standards, that is, full standards and 
tentative standards. At the same time 
it is clear that there is need for a proba- 
tionary or trial status for a proposed 
standard before according Society ap- 
proval as standard. Accordingly, acting 
on a recommendation of the Study Com- 
mittee, the Executive Committee is pro- 
posing the complete elimination of the 
word “standard” from any connection 
with “tentative,” by discontinuing the 
use of the term “tentative standard” 
and using in its place the word “tenta- 
tives” to cover collectively tentative 
specifications, tentative methods, tenta- 
tive definitions, and tentative recom- 
mended practices. An amendment of 
Article VII of the By-laws is required to 
make this change in nomenclature and to 
define ‘‘tentatives” as just stated, and 
such an amendment is proposed else- 
where in this report in connection with 
other By-laws amendments. 

It has also seemed desirable at the 
same time to modify the note that now 
appears under the title of all tentative 
specifications, methods, etc., to read as 
follows: 


“These Tentative Specifications (or Methods, 
etc.) have been approved by the sponsoring 
committee and accepted by the Society in ac- 
cordance with established procedures, for use 
pending adoption as standard. Suggestions for 


S 
r 
r 
t - 
n 
. 
e 
y 
S 
D 
J 
‘ 
h 
d 
a 
Ss 
ir 
d 
e 
d 
st 
d 
n 
LS 
| ad 


48 ANNUAL REPORT OF THE EXECUTIVE COMMITTEE _ 4 


revisions should be addressed to the Society at 
260 South Broad Street, Philadelphia 2, Pa.” 


The essential purpose of this change 
is to accentuate the difference between a 
“tentative” and a “standard.” At the 
same time the Executive Committee be- 
lieves it is desirable as a matter of policy 
to advance tentatives to the status of 
standard as expeditiously as possible, 
although it is realized that full discretion 
in such matters must be given to the 
standing committees responsible. 


Richard L. Templin Award: 

The Executive Committee takes 
pleasure in announcing to the member- 
ship of the Society that Richard L. 
Templin, Assistant Director of Research 
and Chief Engineer of Tests, Aluminum 
Company of America, has made a gift to 
the Society of $1000 to be used to estab- 
lish a prize award for papers describing 
new testing methods and apparatus. 
The Executive Committee has been 
pleased to accept this gift and with it 
has established the Richard L. Templin 
Award for the purpose of stimulating re- 
search in the development of testing 
methods and apparatus, encouraging the 
presentation to the Society of papers de- 
scribing new and useful testing proce- 
dures and apparatus, and recognizing 
meritorious efforts of this kind. The 


added to the income account the sum of 
$100 to defray the cost of certificates. 
Papers to be eligible for the award 
shall have been accepted for publication 
in their entirety by the Society, shall be 
the bona fide production of those who 
contribute them, and shall not have been 
previously made public nor contributed 
elsewhere in whole or in part. The fol- 
lowing types of papers are eligible: Those 
accepted by Committee E-6 on Papers 
and Publications for any meeting of the 
Society, including papers to be included 
as part of committee reports; those pa- 
pers presented at meetings of committees 
of the Society accepted by Committee 
E-6; and those accepted by Committee 
E-6 for publication in the ASTM Butte- 
TIN. The Executive Committee has 
adopted other rules governing the award, 
including appointment annually of a 
Committee on Award, all of which will 
be announced in the August issue of the 


BULLETIN. 


On June 1, 1945, the membership of 
the Society totaled 5649, the highest 
figure yet reached, compared with a total 
of 5257 on June 1 one year ago. Sta- 
tistics showing gains and losses in various 
classes of membership are shown in the 
following table: 


Membership: 


award will be a cash prize of $25 and a 
suitable certificate. Mr. Templin’s gift 
has been invested to provide the cash 
prize, and the Executive Committee has 


Membership Losses Additions Total 
une une 1, | Resig- rans- | Trans- ec- n- 
1944 |” 1945 "| nations Dropped) Death fer fer tion Loss | Gain crease 
10 9 1 1 1* 
Se 188 192 1 1 5 1 2 6 4 
Company, Firm, etc........ 1311 1466 22 & 11 178 34 189 155 
Individual, etc............. 3602 3854 96 31 10 33 400 181 433 252 
137 119 6 1 30 24 42 24 18* 
, | ER a 5257 5649 125 33 49 49 603 260 652 392 
377 149 22 312 il | 117 345 117 | 228 
Loss. 


The net gain for the year of 392 com- 
pares with 353 for the preceding year. 
Elections to membership were the highest 
in the history of the Society and num- 
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cered 603, exceeding those for the pre- 
vious year by 17; losses from resignations 
and delinquencies were 178 compared to 
201 for the preceding year. Junior 
Members numbered 119 and Student 
Members 149. A decline in the number 
of Junior Members of 18 and a very 
heavy decrease in the number of Student 
Members is attributable to the large 
number of young technologists in the 
Armed Services. 

There has been a net increase of 4 in 
the number of sustaining members, 
bringing the total to 192. There were 
six new sustaining members and two 
losses (one from resignation, the other a 
transfer toa company membership). Of 
the six new members, five were acquired 
by transfer of existing company member- 
ships and one a company which had not 
previously held membership in the 
Society. The names of the new sus- 
taining members are as follows: 


Boeing Aircraft Co. 
California Portland Cement Co. 
Congoleum-Nairn, Inc. 

Johnson and Nephew, Ltd. 
Richard Kendall Refining Co. 
Weyerhaeuser Timber Co. 


The Executive Committee expresses 
on behalf of the Society its thanks to 
these companies for their willingness to 
lend financial support to the Society 
through this form of membership. 

In 1938 the Executive Committee 
established the plan of awarding at 
annual meetings certificates commemo- 
rating forty years of continuous member- 
ship in the Society. Sixty-nine such 
certificates have thus far been awarded 
and this year the following twelve 
companies and _ individuals have 
qualified : 


Engineers’ Society of Western Pennsylvania: 


H. C. Berry 
Frank Orville Clements 


K. F. Treschow 
Myron S. Falk 
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Lawford H. Fry a 

W. C. Hanna 

Marquette Cement Manufacturing Co.: 
D. S. Colburn 

Anson Marston 

Pittsburgh Testing Laboratory: 
A.R. Ellis . 

R. H. Harry Stanger 

Worcester Polytechnic Inst.: 
F. W. Roys 

York Ice Machinery Corp.: 
Frank J. Allen 


Since in view of the abbreviated nature _ 
of the annual meeting this year, the 
certificates cannot be presented there 
as usual, they will be mailed to the re- 
spective forty-year members with a 
suitable communication on behalf of the © 
Executive Committee. 

The Society has lost the following 
members through death: 


Date of 
Membership 
Bamford, William Brokaw..... . 1913 
Chapman, Cloyd M............ 1908 


Dunn, William R.............. 
F leming, 
1940 
Kennedy, John W.............. 


_ 
Roystuart, Victor I............. 
Sekiatwallae, B. 
Saunders, Walter M............ 
Swinden, Thomas.............. 
Trevitnick, Harty 
Urschel, 
Waterbury, J. E. sg 
Weaver, Harry A. , Jr... ee 
Webster, William Reuben....... 
Yost, Edgar 


In addition to the above, the following 
representatives of company members of 
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the Society who had taken an active 
interest in the Society’s affairs passed 
away: 


C. F. Hanson, Irvington Varnish & Insulator Co. 

G. T. Horton, Chicago Bridge & Iron Co. 

H. L. Howe, City of Rochester, Department of 
Public Works 

K. J. Howe, Thibout & Walker Co. 

James McCormick, New Hampshire Highway 
Department 

Thomas Midgley, Jr., Ethyl Corporation 

Dennistoun Wood, Southern Pacific Co. 

T. A. Wright, Lucius Pitkin, Inc. 


Many of these men contributed greatly 


to the advancement of the Society’s work 
both in administrative and technical 
activities. Among them should be men- 
tioned Past-President Cloyd M. Chap- 
man, C. H. Davis, A. V. de Forest, C. F. 
Hanson, F. A. Harvey, H. C. Porter, 
H. P. Trevithick, W. R. Webster and 
T. A. Wright. The ASTM Buttetin 
has carried announcement of the activi- 
ties of a number of these men, including 
a memorial to Mr. Chapman adopted by 
the Executive Committee. 

Some Membership Comments.—The 
March BULLETIN included an article on 
membership with a chart showing the 
trends since the Society was organized. 
From a peak of 4417 in 1930 there was a 
decline for four years, with an upswing 
starting in 1935, which has continued to 
the present time. 
number of members particularly during 
the past two years has been gratifying, 
it is certain that many companies and 
large numbers of individuals concerned 
with activities in the field of engineering 
materials would derive much _ benefit 
from affiliation with the Society, and it 
is hoped that many of the members who 
have cooperated so closely in extending 
invitations to some of these individuals 
and companies will continue their mem- 
bership promotion activities. It is not 
possible to list all those who have aided 
in extending the membership, but their 
efforts are appreciated. 


While the increased ° 


Elsewhere in this report reference is 
made to proposed changes in the By- 
laws which will clarify the classes of 
membership and provide for an increase 
in the permissible number of Honorary 
Members. 

The Executive Committee is pleased 
to report that former members of the 
Society in the liberated countries of 
Europe are beginning to communicate 
to the Society their desire to resume 
membership. It has been arranged that 
the Secretary-Treasurer will write to all 
such former members of record inviting 
them to resume their membership and 
offering to be of assistance in bridging 
the gap of technical contacts disrupted 
by the war. 


Finances: 


Report for the Fiscal Year 1944.—The 
annual statement of the finances of the 
Society follows in the report of the 
auditors for the fiscal year, January 1 to 
December 30, 1944. The report gives 
the balance sheet of assets and liabilities, 
including special and designated funds 
(that is, the Research Fund, Medal and 
Lecture Fund, and Committee Funds); 
statement of receipts and disbursements, 
which items are classified into ‘“operat- 
ing” (budgeted) and ‘“nonoperating’’; 
details of special funds; and investment 
of Society funds, both book and market 
values being given. 

Total receipts from dues and entrance 
fees in 1944 were $121,373.14, an increase 
of approximately $10,000 over the pre- 
ceding year. Receipts from sales of 
publications totaled $121,044.41, which 
was about $11,000 less than the preced- 
ing year, the latter having included the 
large volume of sales of the 1942 Book 
of Standards. The sales of special 


publications, compilations of standards, 
spring meeting papers, symposiums, etc., 
totaled slightly over $50,000, which was 
higher than ever before and indicates 
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the extent to which the number of special 
publications issued by the Society has 
grown. Miscellaneous receipts amounted 
to $23,129.80, consisting principally of 
receipts from advertising in the ASTM 
BULLETIN and Index to Standards, 
receipts from interest and dividends, and 


registration fees. Receipts from adver- 
tising in the BULLETIN at $12,391.69 are 
an all-time high. 

Total operating receipts were 
$265,547.35, topping 1943 receipts by 
about $3000. Operating disbursements 
with all current bills paid (as detailed in 
the auditors’ report) were $249,948.51— 
by far the highest in the Society’s his- 
tory, due largely to increased staff, 
increased publication expense, general 
increases due to larger membership and 
expanded operations, and increased cost 
of the Employee’s Retirement Plan. 
Notwithstanding, there resulted a favor- 
able balance between operating receipts 
and disbursements of $15,598.94, which 
will be used to cushion possible operating 
deficits in the future and to provide for 
suitable expansion of the Society’s work. 

Attention is called to the fact that the 
disbursements include $2500 (approx- 
imately one-half of the entrance fees) 
paid into the principal of the Research 
Fund and $7327.91 paid towards the 
Employees’ Retirement Plan. The lat- 
ter amount includes the sum of $5424 


_Tepresenting premiums on “unmatched 


policies” paid entirely by the Society in 
accordance with the extension of the 
Retirement Plan announced in the 
Executive Committee’s report a year 
ago. There is also included in disburse- 
ments the sum of $3045.75 spent on 
emergency alternate provisions and 
emergency specifications, which together 
with similar expenditures in preceding 
years brings to approximately $12,000 
this direct contribution to the war effort, 
for it has been the exigencies of the war 


emergency that have necessitated this 
work. 

Under nonoperating receipts there is" 
recorded the sum of $1000, which is the 
contribution of Richard L. Templin 
towards the establishment of an award 
which is announced elsewhere in this 
report. In this category there is also 
recorded the sum of $2566 received 
towards an A.I.M.E.-A.S.T.M. Publica- 
tion Fund. Of this sum $2500 represents 
the contribution of the American Insti- 
tute of Mining and Metallurgical 
Engineers towards costs of the joint 
publication of the Symposium on Stress- 
Corrosion Cracking (referred to elsewhere 
in this report), which amount vas 
matched by a similar contribution from 
A.S.T.M. 

The auditors’ report includes a state- 
ment of the financial position of the 
Society for the past five years. The 
surplus in the General Funds account, — 
exclusive of special and designated funds, 
is $111,606.51, compared to $105,660.86 
a year ago. As has been pointed out in 
previous reports, the true significance of 
surplus is seen only in its relation to level 
of operations, which can be expressed b 
the percentage ratio of surplus to operat- 
ing disbursements. When these ratios 
are determined for the past six years it 
is seen that although the dollar value of 
surplus has nearly doubled in that time, 
the ratio of surplus to operations of the 
Society has increased only from 38 to 44 
per cent, and that actually, in relation 
to our level of operations, surplus this 
year is slightly less than a year ago. 

Attention is called to the amounts 
reported in the various funds under the 
statement of liabilities. During the 
fiscal year a total of $4000 was trans- 
ferred from general surplus and allocated 
as follows: $1000 to the Headquarters 
Fund, $1000 to the Executive Retirement 
Reserve, and $2000 to the Reserve 
Against Depreciation in Investments. 
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REPORT OF THE AUDITORS FOR THE Fiscat YEAR, 
JANuARY 1 TO DecEeMBER 30, 1944 


Philadelphia, January 9, 1945, ; 
Mr. C. L. Warwick, Secretary-Treasurer 
AMERICAN SOCIETY FOR TESTING MATERIALS 7 
Philadelphia, Pennsylvania 
Genera 
Dear Sir: Cur 


We have examined the books and accounts of your Society for the period from January 1, 1944, to 
December 30, 1944. We did not make a detailed audit of all transactions, but made extensive tests 
to determine the accuracy of your records; nor did we verify accounts receivable by correspondence 


with debtors. Life 
We have prepared and submit herewith balance sheet as of December 30, 1944, statement of cash Hee 
receipts and disbursements for the year ended that date, and other supporting schedules, all of which Put 
are in agreement with the records of your Society. In our opinion, these statements present fairly Boc 
the financial position of the Society at December 30, 1944, and the results of its operations for the Exe 
year then ended. Ret 
The investments owned by the Society as detailed herein were examined by us. All income from Res 
investments was properly accounted for. Jou 
Respectfully submitted, Spe 
Joun Hers & Co. Sur 
(Signed) ALFrep C. BrompBacu 
Certified Public Accountant. ‘ 
Spect 
BALANCE SHEET AS OF DECEMBER 30, 1944 : AS 
(Including Special and Designated Funds) | 
ASSETS Di 
Funds: 
Less check drawn as of December 30, 1944 to | 
cover cost of Proceedings, Book of Standards, 
and Emergency Alternate Provisions.......... 39 000.00 
$42 637.45 
Investments (Market Value, $114,513.12)—Cost............ 114 237.61 
Total Current Assete—General Funds... .... $168 862.03 
Furniture and Fixtures (depreciated book __ 6 780.66 
Special and Designated Funds: —_ 
Dudley Medal and Marburg Lecture Fund.................... 343.43 At 
16 691.35 
Investments: _ 
A.S.T.M. Research Fund (Market Value, $36 471.32)—Cost.... $37 408.99 1940 
Dudley Medal and Marburg Lecture Fund (Market 
Committee Funds (Market Value, $6206.88)—Cost............ 6 000.00 1944 


50 033.99 
Total Assets Special and Designated $66 725.34 


52 


45. 


66 


General Funds: 


Current: Accounts Payable: 


Committee C-1 


w 


LIABILITIES 


Total Current Liabilities—General Fund................. $9 009.15 
Book of Standards Reserve... 
Executive Retirement 7 555.00 
Reserve against Depreciation of Investments............. 12 000.00 
Joint A.S.T.M.-A.I.M.E. Publication Fund .............. 1 921.29 
166 633.54 


Total Liabilities General Funds 


Special and Designated Funds: 
A.S.T.M. Research Fund: 


Dudley Medal and Marburg Lecture Fund: 


Committee Funds, unexpended balances 
Total Special and Designated Funds 


Total Liabilities and Funds 


2 674.19 $41 872.68 


$66 725.34 
§242 368.03 


CoMPARISON OF GENERAL Funps For Fiscat YEARS 1940-1944, INCLUSIVE. 


Assets Liabilities 
Close of 
iscal Year Cash Invest- Accounts Accounts Miscellane- Surpl 
ments Receivable Fistures Payable Standards | °US Funds surplus 
Se $9 608.61 $72 568.95 | $13 388.88 $6 561.93 $3 380.25 $7 890.25 $9 713.79 | $81 144.08 
_ , RR 18 206.61 88 001.45 14 120.99 6 440.58 3 937.44 13 890.25 | 12 907.43 96 034.51 
Ses 14 915.67 93 281.45 6 846.09 6 362.86 5 036.28 13 890.25 | 17 902.43 84 577.11 
Se 29 220.41 111 136.68 14 567.65 6 960.38 5 569.02 17 113.98 | 33 541.26 105 660.86 
1944...........| 42 637.45 114 237.61 11 986.97 6 780.66 | 9 009.15 17 113.98 37 913.05 | 111 606.51 


$175 642.69 
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RECEIPTS AND DISBURSEMENTS 
For THE Periop ENDED DecremBeErR 30, 1944 


Cash balance, January 1, 1944 


RECEIPTS | 
Operating Receipts (Budgeted): 


Dues and Entrance Fees: 


Entrance Fees...................... 5 185.00 

Sale of Publications: 

300k of Standards (Members additional parts)...... . . 7 708.50 
1943 Supplements to Book of Standards......... ....  18723.94 
Methods of Chemical Analysis of Metals............. 3 056.65 
Selected Standards for Students..................... 2 148.10 
Bulletin Subscription (Nonmembers)................. 608.75 
Special Reprints and Miscellaneous.................. 51 062.46 

Miscellaneous: 

Advertising, Bulletin............ 
Registration and other fees, Annual Meeting.......... 2 091.00 
Committee A-1 Technical Assistant.................. 921.30 


Nonoperating Receipts (Not Budgeted): 


Investments, Matured or Sold...................... $46 260.13 
Committee C-1 Technical Assistant .. 1 800.00 
Executive Retirement Reserve...................... 210.00 
Retirement Fund Reserve 136.05 


A.S.T.M.-A.LMLE. Publication 2 566.00 

Total Nonoperating Receipts........ 
Total Receipts... 

Total Receipts and Cash Balance, January 1, 1944. 


$121 373.14 


$121 044.41 


~ § 23 129.80 


$265 547.35 


$29 220 


{ 


$318 186.83 
$347 407 .24 


Al 
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EXECUTIVE COMMITT 
DISBURSEMENTS 
Operating Disbursements (Budgeted): 
Publications: 
TOT 30 037 .65¢ 
Emergency Alternate Provisions....................... 3 040.75 
Methods of Chemical Analysis of Metals............... 730.95 
Index to Standards and Tentative Standards........... 3 711.33 
Special Reprints (Symposiums, etc.) Miscellaneous..... . 18 813.92 
Authors’ Reprints, Electros, etc., at Cost.............. 752.55 
Total Disbursements, Publications. $102 824.07 
Expenses, Standing and District Committees....................... 4 776.59 
American Standards Assn. and Sectional Committees................ 1 000.00 
Traveling Expenses, Administrative and Special Committees......... 6 195.79 
Total Operating Disbursements (Budgeted)...................... $249 948.51 
VYonoperating Disbursements (Not Budgeted): 
Refund of Excess 667.30 
Technical Assistant Committee C-1......... 1 804.97 | 
Joint A.S.T.M.-A.I.M.E. Publication Fund............. 3144.71 
Total Nonoperating Disbursements...........................- $54 821.28 
83 These amounts include a check for $39,000 drawn against the cost of the 1944 Book of Standards, Emergency Alter- _ 


4 ite Provisions, and the 1944 Proceedings, but not actually paid on December 31, 1944. 


Uninvested 
Invested Cash 


Principal Account: 


Receipts: 
Contribution—A.S.T.M. Current Entrance Fees.. ... +2 500.00 +2 500.00 
Sale of Securities...... +1201.67 —7 464.03 +8 665.70 
$39 198.49 $26 293.90 $12 904.59 
Disbursements: 
Balance, $39 198.49 $37 408.99 $1 789.50 
ncome Account: 
Receipts: 
Interest and Dividends on Investments............... 1343.34 — $2 775,23 
Disbursements: 
Committee B-8 on Electrodeposited Metallic Coatings. . 100.00 
Miscellaneous (Sale of Securities)..................... 1.04 101.04 
DupLeEY MEpAL AND MARBURG LECTURE FUND 


Balance, January 1, 1944 


Principal—Investments (at $6625.00 


Receipts 


Disbursements 
Engrossing 1944 Lecture $3.25 
$6 968.43 
Balance, December 30, 1944: 
COMMITTEE FUNDS 
Committee A-5 on Corrosion of Iron and Steel................. 3 147.55 
Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys. 2 975.47 
Committee B-6 on Die-Cast Metals and Alloys........... . 2 500.00 
Committee B-8 on Electrodeposited Metallic C oatings 45.36 
Committee C-1—Cement Reference Laboratory 700.00 
Committee C-9 on Concrete and Concrete 200 . 82 
~Committee C-9—Sanford E. Thompson Medal Fund............ 394.25 
Committee C-15 on Manufactured Masonry Units............. 358 . 56 
Committee C-18 on Natural Building Stones and Slate....... .. 174.86 
~Committce D-1 on Paint, Varnish, Lacquer, and Related Products. 74.25 
Committee D-2 on Pe troleum Products and Lubricants......... 123.37 
Committee D-5 on Coal and Coke...... 1 326.77 
Committee D-12 on Soaps and Other Detergents. 73.30 
Committee D-13 on Textile Materials. . .... 608.87 
Committee D-13—Testing Textile Finishes................ 
A.S.A. Sectional Committee on Specifications for Cast-Iron Pipe 
Research Committee on Fatigue 218.06 
Accounted for as follows: 


$17 884.23 


In a rg to the general funds of the Society, the Secretary-Treasurer has on hand the following 
unds: 
A.S.T.M. RESEARCH FUND 
Numl 
Share 
Par \ 
$2 00 
2 00 
4 00 
4 00 
2 
3 06 
13 
38 
4 Of 
3 Of 
7 O 
20 
22 0 


wing 
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INVESTMENTS 
_ As OF DECEMBER 30, 1944 
GENERAL FunpDs 
Number of 
Shares or Market 
Par Value Value 


Bonds 
$2 000 Associated Electric Co., 44’s, due 1953... 
2000 Columbia Gas & Electric te., Debentures 5's, 


$1 693.50 $1 850.00 


4000 Erie R. R. Co. Income, 4}’s, due 2015.......... 2 832.00 — 3 520.00 
4000 General Steel Cast. Corp., First Mortgage Series 
3 610.00 4 240.00 
2 000 Pressed Steel Car Co. Inc., , 15-yr. Debentures, 5’s, 
3000 Southern Pacific Debentures, 4}’s, due 1969..... 2544.75 2 775.00 ° 
13000 U. S. Defense Savings Bonds, Series G, 2} per 
3 800 U. S. Treasury Bonds, 23’s,due 1967-72......... 3 800.00 3 827.30 
4000 U.S. Treasury Bonds, 24’s, due 1964-69. . 4 000.00 4013.75. 
3000 U.S. Treasury Bonds, 24’s, due 1965-70. . 3 000.00 3 009.38 
7000 U. S. Certificates of Indebtedness, February, 1945, 
2000 U.S. Treasury Bonds, 2 per cent, due 1952-54... 2 000.00 2 008.75 
22 000 U. S. Treasury Notes, 1}’s, March, 1947........ 22 000.00 22 048.12 
$69 418.09 418.09 $70 
Stock 
30 Allis-Chalmers Mfg. Co., 4 per cent preferred... . . $3 316.20 $3 420.00 
25 American Can Co., common..................: 2 122.30 — 2 250.00 
19 American Cyanamid Co., 5 per cent Cumulative ; 
50 American Cyanamid Co., Class B common. ..... 1 764.25 1950.00 
100 American Radiator & Std. Sanitary Corp., ; ; 
25 American Tobacco Co., common.............. 2 110.12 1 625.00 
100 Atlantic Refining Co., common par value $25.. 2 302.50 3 100.00 
25 Colgate-Palmolive-Peet Co., $4.25 preferred... . 2 525.00 2 662.50 © 
10 Delaware Power & Light Co., common?......... 135.00. 161.25 
50 General Telephone Corp., $2.50 preferred’... ... . 2 675.00 2 637.50 
100 S. S. Kresge Co., common. ; : 2 490.18 2 725.00 
100 Mathieson Alkali W orks, common, no ) par value... 3 016.00 2 375.00 
20 G. C. Murphy Co., 43 per cent preferred. . 2 100.00 2 320.00 
25 J. C. Penney Co. , common 2 279.63 2 712.50 
67 Philadelphia Electric Co., common’. . 1 185.06 1 407.00 
116 Public Service Corp. of N. J., common. - 4309.50 | 1 986.50 
1 510.00 1418.75 
50 The Texas Company 2 519.55 2 450.00 
20 United Gas Improvement Co., common......... 315.00 © 285.00 
819.52 $43 622.37 
S114 237.61 $114 513.12 


57 
sted : 
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10.00 
8.70 
4. 59 
5.09 
5.23 
1.04 
4.19 
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3.43 
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A.S.T.M. RESEARCH FuND 


Number of 


Shares or Cost or 
Par Value Book Value 
Bonds 
$2 000 First Mortgage Real Estate, 1315-17 ae St., 
6’s, due 1945........ $2 000.00 
000 Associated Electric Co., , due 693.50 
1500 Balto. & Ohio R. R. General & Refunding, 5’s, 


Columbia Gas & Electric Co., Debentures, 5’s, 
due 1961 2025.31 


4-500 U. S. Defense Savings Bonds, series G, 2} per cent® 4 500.00 
2 000 U.S. Treasury Bonds, 1965-70, 2}’s............ 2 000.00 
* 3.000 U. S. Treasury Notes, 1}’s, March, _, ee 3 000.00 
$16 730.06 
Stock 

40 Allis-Chalmers Mfg. Co., 4 per cent preferred... . . $4 421.59 
12 Consolidated Edison Co. of N. Y., $5 preferred. . 1 234.39 

29 Consumers Power Co., $4.50 preferred, no par 
5 Delaware Power & L ight Co. , common? = 5 67.50 
98 General Motors Corp., common, par value S10. 6 504.75 
30 G. C. Murphy Co. per cent preferred........ —3:150.00 
9 Public Service Corp. of N. J., common.......... 135.00 


10 United Gas Improvement Co., common......... 157.50 
$20 678.93 
$37 408.99 
DupLtey Mepat & MarsurG Lecture Funpb 
500 Balto. & Ohio. R. R. Refunding & General Mort- 


4 
A 
= 


gage, 6’s, Series C, due 1995............ $550.00 
6000 Balto. & Ohio. R. R. Refundin ig & General Mort- 

gage 5’s Series A, due 1995.. é; _ 6075.00 
$6 625.00 

COMMITTEE FUNDS 
easury Bonds, 27's, 1947-45.. 5 000.00 
Treasury Bonds, 27’ s, 1 000.00 
“$6000.00 


6 Market value is stated at redemption value as of December 30, 1944. 


© The income from these shares is, by agreement, paid to an annuitant. 


Market 
Value 


$830.00 


1850.00 
1 095.00 


2 075.00 
4321.50 
2 006.25 
3 006.56 


$15 184.31 


560.00 
1 296.00 


3 190.00 

80.63 
6 272.00 
3 480.00 
693.00 
154.13 

1 418.75 


142.50 
$21,287.01 


$36 471.32 


$406.25 


__4 380.00 
_ $4 786.25 25 


5 079.69 
1127.19 


“$6 206.88 
$161 977.57 


Market values were taken from current financial publications with the exception of quotations on inactive or un- 
listed securities indicated by footnote a. These values were obtained from brokers as of December 30, 1944. 
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As previously noted $2500 was taken 
from the Publication Fund as our con- 
tribution to the joint A.I.M.E.-A.S.T.M. 
Publication Fund. 

Investments of Society funds as of 
December 30, 1944, are given in the 
auditors report, both book and market 
values being shown. The following 
changes during the fiscal year in the 
investment portfolio are noted: 


GENERAL FUNDS 
Bought Cost 
$2 000 oo Electric Co. Bonds, 4's, 
1953 


.. $1693.50 
4000 Erie Railroad Co. Income Bonds 4s, 
201 2 832.00 
3 000 Pacific deb. Bonds 1969.. 2544.75 
3000 U.S. Treasury Bonds, 244%, 1965-70.... 3000.00 
22 000 U.S. Treasury Notes 14%, March 1947. 22 000.00 
7000 U. S. Certificates of Indebtedness Wy 
Feb. 1945... .. 7000.00 
2000 U.S. Treasury Bonds, 2%, 1952-54. . 2000.00 
30 shares Allis-Chalmers Mig. Co.4% Pfd.. 3 316.20 
$44 386.45 
Sold, Called or Matured Received 
$8 000 U. S. Treasury Certificates of Indebted- 
ness (matured)... . $8000.00 
3000 Armour & Co. of Del. C 4s, 1957 (called) 3 125.00 
9 000 ae & Ohio RR Bonds F 5s, 1996 
500 Floeida Power & Light Co. Bonds 5s, 
507.50 
3000 Michigan Cons. Gas Co. Bonds 4s, 1963 
. 3120.00 
1000 Pressed Steel Car Co. 5s, 1951 (called). 1 000.00 
50 shares Great Northern Ry. Co. Pfd. 
100 shares Borden Co. (sold).. 3 261.49 
100 shares Philco Corp. (sold) 3 424.30 
25 shares Sears, Roebuck Co. (sold) 2 360.26 


100 shares W estinghouse Elec. Corp. (sold). 10 582.28 


“$41 838. 54 
RESEARCH FUND 
Bought Cost 
$2 000 Ansnainted Electric Co. Bonds 4%s, 


$1 693.50 

2000 U. Bonds 214s, 1965-70... 2 000.00 

3000 U.S. Treasury Notes 114%, March 1947. 3000.00 

40 shares Allis-Chalmers Mfg. Co. 4% Pid. 4 421.59 

$11 115.09 

Sold, Called or Matured Reccived 
$1500 Florida Power & Light Co. Bonds 5s, 

$1 522.50 


3000 Republic Steel Corp. Bonds B 4% 6, "4961 

(called). . 3120.00 

25 shares Pittsburgh. ‘Plate Glass Co. 
(so 


. 2983.20 

1000 Allis-¢ halmers “Mfg. Co. 4s, 1952 
$8 665.70 


In the General Funds, profits on 
securities sold, called or matured totaled 
$5136.08, whereas losses on sale and 
conversion of securities (principally 
Baltimore and Ohio Bonds) totaled 
$4583.06 or a net gain of $553.02. In 
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the Research Fund there was a net profit 
in sale of securities of $1201.67. 

No account has been taken in the 
accompanying financial statement of the 
assets of the Society in the form of 
publications in stock. An inventory of 
technical publications as of June 1, 1945, 
may be summarized as follows: 


Number of 


Copies 
Index to Proceedings, 6 parts, total.......... 1482 
1944 Book of A.S.T.M. Standards: 
Methods of Chemical Analysis of Metals ... 548 
— Standards for Students in Engineer- 
2 295 
X- Ray Diffraction Data... ... sets 507 
Reprints of Standards (approximate) eee 100 009 
Special Reprints (approximate). .. ..... 45000 


1945 Finances.—The Society’s opera- 
tions for 1945 are based on current 
operating receipts of $290,000, to which 
has been added from surplus for current 
operations the sum of $7000, bringing the 
total of budgeted receipts to $297,000. 
Receipts from dues and entrance fees are 
estimated at $125,000; receipts from 
sales of publications at $142,000, which 
includes an estimate of $62,000 from 
sales of the 1944 Book of Standards; 
miscellaneous receipts, including adver- 
tising, interest and dividends, are esti- 
mated at $23,000. Disbursements have 
been estimated at $297,000, which pro- 
vides fully for the normal operating 
expenses of the Society, including all 
current publications, emergency specifi- 
cations, all meetings and committee 
activities, and the Employees’ Retire- 
ment Fund, as well as for certain expan- 
sion of the Society’s staff. A con- 
tingency item larger than in previous 
years is provided because of more than 
usual uncertainty with respect to some 
of our activities, particularly publications. 

In estimating the cost of publications 
there has been uncertainty as to the date 
of publication of the next edition of the 
Book of Standards. For budgeting pur- 
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poses the assumption has been made that 
re-publication of this volume will be in 
1947, that is, resuming the triennial 
period of publication, and for this pur- 
pose a reserve of $15,000 has been 
budgeted from current income against 
the cost of the next edition. Should the 
demand for the 1944 edition be so great 
as to exhaust the supply in 1946, that 
condition itself should provide added 
income with which to meet the increased 
expense of a final publication. 

The Executive Committee reviews the 
budget of receipts and disbursements 
quarterly and makes any adjustments 
that may be necessary. 

Since January 1, 1945, securities have 

been sold or matured yielding $10,756, 
and investments have been made in the 
sum of $55,855.63, including $50,000 of 
current funds temporarily invested in 
U. S. Treasury Bonds 2%, 1952-54. 
The total book value of Society invest- 
— as of May 31, 1945, in all funds 
was $208,107.23. The market value of 
these securities on the same date was 
$215,103.55. The Society’s cash balance 
~on May 31, 1945, was $153,331.34. 


Retirement Plan for Employees: 


There have been no developments of 
importance in the Retirement Plan for 
Employees since the substantial aug- 
mentation of the Plan in May of 1944, as 
reported to the Society by the Executive 
Committee a year ago. In the past year 

= additional employees have entered 
the Plan, bringing the total number of 

participants to 21 of the 25 eligible 
employees. The remaining six em- 
ployees of the Society are not yet 
eligible, having been with the Society 
less than one year. 

The Society’s total contribution in 

premiums for retirement policies for the 
above mentioned 21 employees is at the 
annual rate of approximately $8150, 
which is roughly 8} per cent of the 


present salary roll and 2% per cent of 
estimated current disbursements. The 
total of employees’ annual contribu- 
tions, including insurance benefits which 
most of them have elected, is approx- 
imately $2340. 


Cooperative Activities: 

The Society’s cooperative relations 
with other organizations have been con- 
tinued along lines of well-established 
policy. One of the most important 
developments is the establishment of a 
small joint committee with the Federa- 
tion of Paint and Varnish Production 
Clubs to consider the relationships of the 
Society and the Federation in their com- 
mon interest in the development of 
standard specifications and methods in 
the paint field. The Executive Com- 
mittee has appointed three members of 
the Society selected from the member- 
ship of Committee D-1 on Paint, Var- 
nish, Lacquer, and Related Products to 
serve on the joint committee, namely, 
R. D. Bonney, chairman, H. A. Nelson, 
and C. H. Rose. The joint commit- 
tee reviews methods of test presented to 
it either by Committee D-1 or the 
Federation and the recommendations of 
the joint committee are transmitted to 
the two organizations. The formation 
of the committee has already facilitated 
contacts between subcommittees or other 
groups in each organization working on 
similar problems and it is planned that 
through the joint committee the Federa- 
tion will bring to the attention of Com- 
mittee D-1 the need for test methods 
upon which Committee D-1 should put 
some study. 

The Society’s cooperative work with 
the Society of Automotive Engineers 
has continued in various fields, notably 
those of rubber, steel, and the non- 
ferrous metals. In the case of steel a 
closer tie-in has been effected by formal 
representation of the Society on the Iron 
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and Steel Division of S.A.E. through the 
appointment of N. L. Mochel, chairman 
of Committee A-1 on Steel, as repre- 
sentative, with R. J. Painter, Assistant 
to the Secretary of the Society, as al- 
ternate. At the same time the S.A.E. 
has been given official representation on 
the Advisory Committee of Commit- 
tee A-1 through the designation of F. 
Pp. Gilligan as member with R. S. Bur- 
nett as alternate. In this way the two 
societies can keep closely in touch with 
each other on important developments 
in their respective activities in the field 
of steel specifications. 

The Plastic Materials Manufacturers 
Association has invited the cooperation 
of the Séciety in the development of 
their research program on properties of 
plastic materials, and Committee E-9 
on Research has designated Robert 
Burns, chairman of Committee D-20 
on Plastics, as the Society’s representa- 
tive to work with the P.M.M.A. in the 
development of this program. 

R. J. Moore has been appointed to 
represent the Society on the Division of 
Engineering and Industrial Research of 
the National Research Council, succeed- 
ing T. S. Fuller. 

The Society has accepted an invita- 
tion to be represented on the Advisory 
Committee of the Testing Division of the 
Technical Association of the Pulp and 
Paper Industry to further facilitate the 
cooperative relations between A.S.T.M. 
and TAPPI in the development of tests 
and specifications for paper. L. S. Reid, 
chairman of Committee D-6 on Paper 
and Paper Products, has been designated 
as the Society’s representative. 

Cooperation of committees of the 
Society with the various departments of 
the Government in the development of 
Federal specifications and of various 
departmental specifications such as those 
of the Armed Services is one of the im- 
portant phases of our cooperative work 


with other bodies. The development in | 
the past year of joint Army-Navy 
(JAN) specifications designed to simplify _ 
and speed up procurement of war mate-_ i 


riel by the Armed Services is of particu-_ 
lar interest to those committees of the 
Society engaged in fields where the JAN 
specification work has been initiated. © 
The Executive Committee has been 
discussing informally, with Government 
officials responsible for these activities, ‘ 
the establishment of procedures whereby 
the Society can render a more effective 
service to the Government in the de- 
velopment of Federal and JAN specifica- 
tions, especially in the elimination of 
conflicting requirements in tests and — 
specifications for materials and products — 
that are produced for both military and 


industrial applications. Several in- 
formal conferences have been held pre- 
paratory to more formal consideration 
of the whole subject. 
American Standards Association: 


The Executive Committee has de- 


voted much attention during the past — 
year to a number of important questions — 
of policy of rather fundamental nature — 
touching the relationships between rs 


‘Society and the American Standards 


Association. Discussions of questions 
summarized in the report a year ago have 
been continued and brief comment re- 
garding some of the matters is justified — 
here. 

The Executive Committee has taken 
the position on behalf of the Society that 
a strong American Standards Association 
is desirable to coordinate and foster 
cooperation in the writing of national 
standards and to be the voice of the ‘ 
American standardizing bodies in in- 
ternational standardization, but that the - 
American Standards Association should 
not formulate standards nor compete 
with its member bodies in the formula- 


tion and promulgation of standards. In 
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- the opinion of the Executive Committee 


there has been recently an undesirable 
trend towards the establishment of the 
American Standards Association as a 
more or less autonomous body rather 
than a federation or association of the 
national standardizing bodies constitut- 
ing the “Member Bodies” of A.S.A. 
The Executive Committee believes that 
such a trend is contrary to the best in- 
terests of the standardization move- 
ment in this country as well as to the 
best interests of the A.S.A. itself, and it 


_ has accordingly made a strong presenta- 
tion of this view to the officers of the 


Association. 

One way in which the Executive Com- 
mittee believes this trend has been mani- 
fested is in a proposal that has been 
advanced for the incorporation of the 
American Standards Association through 
a Federal Charter. Study of a proposed 
Act of Congress thus to incorporate the 
A.S.A. has led the Executive Committee 
strongly to oppose such incorporation 
under the particular terms proposed. 
The views of the Executive Committee 
were expressed recently in a communi- 
cation to the President of A.S.A. and at 
a meeting of the Standards Council, 
accompanied by a request that no action 
should be taken in the matter of Federal 
incorporation until the subject had been 
formally considered by all the member 
bodies at a conference of member bodies’ 
representatives called for that purpose. 
It is understood that such a meeting will 
be held. 

The Executive Committee voted af- 
firmatively for the Society on certain 
amendments of the Constitution of the 
American Standards Association, ex- 
pressing at the same time a strong 
preference for an alternative method of 
stating the basic principle or concept of 
operation of the Association. The most 
significant amendment of the Constitu- 
tion dealt with the broadening of the 


scope of the Association to cover stand- 
ardization in other fields than those 
strictly engineering, which was accom- 
plished by the elimination of the phrase 
“in those fields in which engineering 
methods apply” from the statement of 
Objects. 

An understanding has been reached 
with the A.S.A. regarding the manner 
in which the A.S.A. will hereafter refer 
in its publications, minutes, correspond- 
ence and other literature to an AS. 
T.M. standard that has been approved 
as an American Standard. At our 
request the Association is changing its 
practice so that hereafter the A.S.T.M. 
title and designation will be given first, 
followed by the designation of the Amer- 
ican Standard by the A.S.A., thus: 
American Standard Specifications for 
Hard-Drawn Copper Wire (A.S.T.M. 
Bi-40; ASA H4.2-1941). 

The Board of Directors of A.S.A. 
has established a Conference of Staff 
Executives of Member Bodies and Asso- 
ciate Members of A.S.A. for the primary 
purposes of promoting better under- 
standing among association executives 
of the American standardization move- 
ment and of the purposes, organization, 
policies and procedures of A.S.A.; pro- 
viding a means for such staff executives 
to discuss matters of mutual interest to 
A.S.A. and its member bodies; and also 
making available to the Board and offi- 
cers of the Association a group whose 
advice on request might be helpful to 
the advancement of A.S.A. The Con- 
ference is authorized to conduct forums 
for discussion of standardization prob- 
lems and activities of broad national 
significance. In order to implement the 
formation of this Conference and to 
carry on its activities, a Conference Ex- 
ecutive Committee of nine members has 
been appointed. The Secretary-Treas- 
urer of the Society has been designated 
as chairman of this committee. A more 
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complete announcement appears in the 
May BULLETIN. 

An announcement has appeared in the 
public press and elsewhere* of a confer- 
ence of industrial executives called for 
the Secretary of Commerce by the 
Visiting Committee of the National 
Bureau of Standards, for the purpose 
of making recommendations to the 
Secretary in regard to the relative 
roles that should be played by the 
Department of Commerce and industry 
in post-war standardization activities. 
A committee of the conference under 
the chairmanship of Charles E. Wilson, 
President of the General Electric Co., 
is preparing a report of the conference 
to be submitted to the Secretary of 
Commerce, but as yet nothing has 
been officially released regarding such 
report. The significance and import- 
ance of this subject in relation to 
standardization work, and hence to the 
activities of the Society, are obvious 
and the Executive Committee will 
closely follow developments from this 
conference. 

H. H. Morgan has been elected on the 
nomination of the Society as a member 
of the Board of Directors of A.S.A. for a 
term of three years beginning January 1, 
1945. With his election to the Board, 
Mr. Morgan resigned as one of the 
Society’s representatives on the Stand- 
ards Council and J. R. Townsend was 
named to succeed him. R. E. Hess, 
Assistant Secretary of the Society, con- 
tinues as alternate. 

A. G. Ashcroft has been re-appointed 
as the Society’s representative on the 
Advisory Committee on Ultimate Con- 
sumer Goods; and J. R. Townsend has 
succeeded H. H. Morgan as the Society’s 
representative on the Mechanical Stand- 
ards Committee. 


Industrial Standardization, February, 1945, Part I. 


International Standardization Activities: 


Reference was made in the report a 


year ago to the intended formation of a — 


United Nations Standards Coordinating 
Committee with the primary objectives 
of promoting the maximum possible 
coordination of the work of the national 
standards associations in the United 
Nations and the unification of standards 
necessary for the war effort and the 
immediate post-war period. The fol- 
lowing united nations, through their 
respective standards associations, have 
joined the Committee: 


Australia Great Britain 
Brazil New Zealand 
Canada South Africa 

China United States 


The national standardizing agencies of Russia 
and Mexico are considering membership in the 
UNSCC, 


Two staff offices have been established, 
one in London and the other in New 
York City, which cooperate as a single 
central office. The New York office 
represents the standards associations 
of the following nations: Brazil, Canada, 
China, Mexico, and United States. 
The American Standards Association 


represents the United States in the 


United Nations Standards Coordinating 


Committee and is responsible for de-— 


veloping the United States viewpoint 
with respect to initiating international 
discussions looking toward the harmon- 
ization of national standards. Proposals 
may originate in any of the individual 
countries. An A.S.A. Reviewing Com- 
mittee has been named for the purpose 


of considering the desirability of holding © 


international discussions on any project. 


J. R. Townsend, one of the Society’s _ 


representatives on A.S.A. 
Council, is serving on this committee. 


A number of standardization projects — 


of interest to the Society have been 
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proposed, among them being the stand- 
ardization of grades of shellac and 
methods of testing, definitions of terms 
relating to heat treatment of metals, 
methods of testing textiles, methods of 
expressing moisture content of wool 
knitting yarns, definition of rayon, terms 
used in the plastics industry, building 
materials, etc. The Society has been 
asked to solicit opinions with respect to 
undertaking several of these projects 
and, it is expected, will be named to 
assume leadership for the development 
of some of them. 

The Executive Committee plans to 
delegate authority to the Administrative 
Committee on Standards (E-10) to 
consider and act on all proposals for 
A.S.T.M. participation in UNSCC pro)j- 
ects, dealing directly with the individual 
standing committees of the Society and 
reporting periodically to the Executive 
Committee on all developments. 

The work in promotion of Inter-Amer- 
ican Standards that has been carried on 
through a department of the American 
Standards Association has been continu- 
ing, although it is understood that the 
financial support given to this work by 
the Office of Inter-American Affairs of 
the Government was discontinued at the 
close of 1944 so that further financial 
support must come from industry. In- 
terest in standardization activities in 
the Latin-American countries has greatly 
increased in recent years. Argentina 
has long had its own standardizing body, 
IRAM;; in 1941 Brazil organized its own 
association. The Instituto Uruguayo de 
Normas Técnicas was formed in Uruguay 
in 1942; Mexico organized its Depart- 
ment of National Standards in 1943; 
and in 1942 a National Technological 
and Standardizing Institute was” formed 
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at the University of Chile. The interest 
of Latin-American countries in A.S.T.M. 
standards continues to be active and 
many of our publications go to the 
standardizing bodies and engineers in 
those countries. 

A proposal to form a Pan-American 
Committee on Technical Standards has 
been made by the Brazilian Standards 
Association and is under consideration. 

The Society has been lending such 
assistance as it can to the National Re- 
sources Commission of China, both 
through its Technical Office in this 
country (which Office has acquired a 
membership in the Society) and through 
the American Mission to China headed 
by Mr. Donald Nelson and Mr. Howard 
Coonley. A number of publications, 
including both the 1942 and 1944 Books 
of Standards, have been made available 
to the Commission. The Society has 
also furnished publications and informa- 
tion about its work to Major E. K. 
Smith and Mr. Dickson Reck who are 
now in Chungking as liaison officers to 
the National Resources Commission of 
China assigned by the State Department. 
The Chinese Bureau of Weights and 
Measures has also resumed its member- 
ship in the Society and an endeavor will 
be made when improved shipping facil- 
ities are available to supply the Chinese 
Government through these agencies with 
certain recent technical publications 
that will be of particular value to China 
both in its war effort and in the post-war 
period. 


Respectfully submitted on behalf of 
the Executive Committee, 
P. H. BATEs, 
President. 
C. L. Warwick, 
Secretary-Treasurer. 
June 27, 1945. 
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WROUGHT IRON* 


Although Committee A-2 on Wrought 
Iron has not held any meeting during the 
past year, it has furthered some of its 
work by correspondence and is present- 
ing one recommendation to the Society 
at this time. 

The membership of the committee 
now totals 47, of whom 15 are classified 
as producers, 26 as consumers, and 6 as 
general interest members. 

IMMEDIATE 


REVISION OF STANDARD, 


ADOPTION 


At the suggestion of the pipe commit- 
tee of the American Iron and Steel 
Institute, action was taken on a revision 
of the Standard Specifications for 
Wrought Iron Pipe (A 72-39). This 
revision deals largely with the harmoniz- 
ing of Specifications A 72 with the Stand- 
ard Specifications for Welded and Seam- 
less Steel Pipe (A 53-44) as regards 
their general scope and covering par- 
ticularly the addition of provisions for 
galvanizing wrought iron pipe including 
the applicable test methods. The re- 
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vised specifications! have been approved 
by letter ballot by Subcommittee I on 
Tubes and Pipe (E. B. Story, chairman). 
The committee accordingly recommends 
this revision for immediate adoption and 
accordingly asks for the necessary nine- 
tenths vote at the Annual Meeting in 
order that this recommendation may be 
referred to letter ballot of the Society. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 47 members; 43 mem- 
bers returned their ballots, of whom 37 
have voted affirmatively, 0 negatively, 
and 6 members marked their ballots 
“not voting.” 


Respectfully submitted on behalf of 
the committee, 
C. B. BRYANT, 


Chairman. 


*Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 

1These revised specifications were accepted by the 
Society and appear in the 1945 Supplement to Book of 
A.S.T.M. Standards, Part I. 


James AsTON, 
Secretary. 
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of Committee A-5 


‘This report of Committee A-5 on 


_ Corrosion of Iron and Steel presents only 
the reports of its subcommittees engaged 


in making periodic inspections of black 


sheet, galvanized sheet, and wire and 


wire products 
weathering. 


exposed to outdoor 
The other subcommittees 
those responsible for 
the development of methods of testing 
metallic coatings and the writing of 
specifications—have completed very 
little work because of circumstances 
preventing coming together for meetings. 

An editorial change is being made in 
the Standard Method of Test for Uni- 
formity of Coating by the Preece Test 
(Copper Sulfate Dip) on Zinc-Coated 
(Galvanized) Iron or Steel Articles (A 
239-41). In Section 1 on Scope the 
reference to “pipe and tubing” is being 
replaced by “electrical metallic tubing 
and rigid conduit pipe.” This change is 
desirable to clarify the original intent 
of the scope section. The Preece test is 
not usually applied to hot galvanized 
pipe (a commodity of the deleted “pipe 
and tubing” class) which is furnished in 
accordance with the requirements of 
A.S.T.M. Specifications A 120 in which 
the weight of zinc coating is determined 
by a stripping test (A.S.T.M. Method 
A 90). However, the electrical conduit 
commodities described by the phrase 
“electrical metallic tubing and rigid con- 
duit pipe” are usually zinc coated by 
electroplating and the Preece test should 


* Presented at the Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 
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apply to such coatings. This change 
has been approved by letter ballot of the 
sponsoring section of Subcommittee VII 
which is responsible for Method A 239, 

The status of all other specifications 
and tentative specifications under the 
jurisdiction of Committee A-5 remains 
the same as reported in 1944. 

The reports of Subcommittees IIT and 
VIII are appended as part of this report. 
The report of Subcommittee VIII is 
confined largely to inspection results and 
findings relating to wire and wire prod- 
ucts. For several years it has been the 
practice of Committee A-5 to report on 
wire inspections in odd-numbered years, 
and on hardware products in even- 
numbered years. 

Since the last report 4 new members 
have been elected to Committee A-5, 
and 6 members have resigned; the total 
membership of the Committee is now 
130, of whom 57 are classified as pro- 
ducers, 44 as consumers, and 29 as gen- 
eral interest members. 

This report has been submitted to 
letter ballot of the committee which 
consists of 130 members; 104 members 
returned their ballots, of whom 98 have 
voted affirmatively, and 0 negatively. 


Respectively submitted on behalf of 
the committee, 
C. D. HocKEr, 
Chairman. 
J. B. Dixon, 
Secretary. 
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9. REPORT OF SUBCOMMITTEE III ON INSPECTION OF ANNAPOLIS 
Lions TESTS 


The specimens of copper-bearing and A summary of the No. 22 gage fail- 
non-copper-bearing corrugated black ures to date is given in the accompany- 
and 4 steets that have been exposed at An- jing Table I. 

napolis, Md., since October 17, 1916, 
were inspected on April 24 and October 
12,1944. Four failures among the No. 


This report of Subcommittee III has 
been unanimously approved by the sub- 


= 22 gage sheets were found at the April CoEER. 

the inspection, Z-101, 102, 108, and 501, 

sai and eight in October, B-24, I-1 and 3, Respectfully submitted on behalf of 

' K-16, Z-202, 503, 604, and 707. the subcommittee, 

_— One failure of No. 16 e material 

ven- Ewart S. TAYLERSON, 
was noted in October, EE-19, a wrought ee 
ion sheet with 0.35 per cent copper. Chairman. 
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REPORT OF SUBCOMMITTEE VIIION FIELD TESTS OF METALLIC 
COATINGS 


Subcommittee VIII on Field Tests of 
Metallic Coatings has carried on the 
regular inspection of its large collection 
of galvanized sheet specimens, metallic- 
coated hardware parts, and wire and wire 
products which are undergoing atmos- 
pheric exposure tests. 


EXPOSURE TESTS ON WIRE AND WIRE 
PRODUCTS 


The report of the Wire Inspection 
Committee, comprising the bulk of the 
report of Subcommittee VIII, is ap- 
pended. 


GALVANIZED SHEET EXPOSURE 
TESTS 
The inspection of the sheets located 
at Brunot Island (Pittsburgh); Altoona; 
State College, Pa.; and Sandy Hook, 
N. J., has been continued on the routine 
spring and fall schedule. The annual 
Key West, Fla., inspection scheduled 
for this spring was canceled because of 
the present national emergency. The 
new failures observed during 1944 follow: 
Brunot Island, Pa.—On April 28, two 
sheets (NHK-B and SHV-B) in the 
0.75-0z. (No. 22-gage) coating class were 
perforated. On October 9, one sheet 
(RBH-B) in the 2.0-0z. coating class, 
three sheets (WCM-T, VCH-T, and 
VCH-B) in the 1.5-0z. coating class and 
one sheet (VEA-B) in the 1.25-0z. coat- 
ing class were perforated. Two sheets 
(SAM-B and CAV-B) in the 2.5-oz. 
coating class were 100 per cent rusted. 
Altoona, Pa.—On May 10, no new 
failures were reported. On October 9, 
one sheet (RBE-T) in the 2.0-0z. coating 
class and one sheet (TCL-T) in the 1.5- 
oz. coating class were perforated. 
State College, Pa.—On April 22, no 
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new failures were reported. On October 
10, one sheet (VBC-T) in the 2.0-oz. 
coating class and two sheets (YCA-B 
and CCC-B) in the 1.5-oz. coating class 
were reported rusted for the first time. 
Sandy Hook, N. J.—On April 26, three 
sheets (RCL-T, TCT-T, and YCL-B) in 
the 1.5-0z. coating class were 100 per 
cent rusted. On October 11, one sheet 
(CAM-B) in the 2.5-0z. coating class 
was reported rusted for the first time 
and one sheet (NCL-T) in the 1.5-oz. 
coating class was 100 per cent rusted. 
Key West, Fla.—All new observations 


in 1944 were given in the 1944 report of 
Subcommittee VITI.! 

A complete summary of the sheet data 
will be given in next year’s report. 


ExposurE Tests OF METALLIC-COATED 
HARDWARE 


The hardware exposures at State Col- 
lege, Pa., and Sandy Hook, N. J., were 
inspected on a schedule coinciding with 
that of the Sheet Inspection Group. 
The only other exposure remaining is at 
Key West, Fla., which was not inspected 
in 1945. Following past practice, the 
hardware data are scheduled for in- 
clusion in complete form in next year’s 
report. 


This report has been submitted to 
letter ballot of the subcommittee which 
consists of 62 members; 42 members re- 
turned their ballots, of whom 40 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the subcommittee. 
C. REINHARD, 
Chairman. 


1 Proceedings 


, Am. Soc. Testing Mats., Vol. 44, p. 92 
(1944). 
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REPORT OF WIRE INSPEC TION COMMITTEE ON FIELD TESTS OF 
WIRE AND WIRE PRODUCTS 


Note.—Reference to the previously pub- 


_ lished reports of Subcommittee VIII on Field 


Tests of Metallic Coatings, of Committee A-5 
on Corrosion of Iron and Steel, which appeared 
in the 1939, 1941, and 1943 Proceedings' will 
be helpful in certain studies of these exposure 
a results. These earlier reports contain de- 
_ scriptions of the test methods and micrographs 
and other characterizations of specimens in 

the test as well as the data assembled in inspec- 
tions prior to 1943. 


This report presents the results of the 
— corrosion tests on wire and 
wire product specimens after exposure 
‘for about eight years at each of eleven 
Jocations. These eleven test sites have 
atmospheres of divers types, including 
severely industrial, mildly industrial, sea- 
-coast,and rural. At each location, more 
than 900 specimens were exposed. 
‘ These included short lengths of wire (42 
in. long) and wire strand at all locations; 
farm field fence at nine sites; barbed 
wire at eight locations; and chain link 
fence at eight locations. Previous re- 
ports show the details of the number 
and nature of the test specimens in- 
volved at each location.’ 

The extent of corrosion on specimens 
is being measured by the following: 
1. Visual examination of all specimens 
at the test locations. At the time of 
inspection, records are made of the ap- 
pearance of each specimen. Prior to the 
time of rusting the specimens are noted 


as appearing “metallic,” “gray,” etc. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 39, p. 99 
(1939); Vol. 41, p. 101 (1941); and Vol. 43, p. 73 73 (1943). 
2 [bid., Vol. 39, p. 157 (1939). 


(Covers 1943 anp 1944 INSPECTIONS) 


After rusting has begun, estimates are 
made of the percentage of area rusted 
on each specimen. 

2. Tension tests on the unfabricated 
wire specimens. These are the speci- 
mens exposed in groups of seven com- 
parison samples taken from the same lot 
of wire and supposedly alike. An at- 
tempt is made to remove and test the 
first specimen of each heptad when it has 
lost 5 to 10 per cent of its strength, and 
the seventh specimen when it has lost 
some 75 per cent of its strength. 

3. Loss of weight tests on lengths of 
zinc-coated wire (each about 42 in. long) 
weighed and measured before exposure. 
The working scheme for handling these 
specimens at each location is to remove 
one fourth at a time—the first quarter 
when they have lost a relatively small 
percentage of their coating, the last quar- 
ter when most of the coating has gone 
but before significant rusting has oc- 
curred. 

Semi-annual inspections have been 
made at Pittsburgh, Bridgeport, Sandy 
Hook, and State College by a traveling 
committee and annual inspections have 
been made at the other test sites by the 
university people in charge of the test 
plots. These people are: 


L. W. Neubauer........ Davis and Santa Cruz, 
Calif. 

B. A. Jennings......... Ithaca, N. Y. 
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Pittsburgh Groups , 0z. per $q. ft. of surface 
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(Average time for samples of any group to rust to the extent indicated) 


Percentage of Area Covered with Rus 


Fic. 1.—Progressive Development of Rust on Zinc Coated Unfabricated Wire (Coating Weight 
Groups in which all of the Samples Are Rusted). 


Findings from Visual Examination for of the zinc-coated unfabricated wire 


Corrosion at the Test Plots: specimens after exposure for about eight 
Summaries of the records of inspec- years at each of eleven sites. 
tions through 1944 are shown in the Figure 1 shows the progressive de- 
following condensed tabulations and velopment of rust on zinc-coated un- 


hgure : fabricated wire specimens for all groups 
Table A shows the corrosion condition which have become 100 per cent rusted 
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TABLE A.—CORROSION CONDErES OF ZINC-COATED UNFABRICATED WIRES AFTER APPROXI. 
TELY EIGHT YEARS’ EXPOSURE. 


R = rust; Y = yellowed; G = gray; ~ = metallic; MG and GY 


intermediate states; TrR = trace rust. 


Coating Group, oz. per sq. ft. of surface 


Location 0.20 

to 
0.30 
100R 
Bridgeport, Conn............... 100R 
100R 
Ithaca, N. 100R 
sents Cons, Call... G 
College Station, 5R 
G 


0.35 | 0.45 | 0.50 | 0.60 
to to to to 
0.45 | 0.55 | 0.60 | 0.70 
100R | 100R | 100R | 100R 
100R | 100R | 100R 87R 
100K | 100R | 100R | 99R 
77R 7R iR | TrR 
100R | 40R | 20R 2R 
7R G G G 

G G MG MG 
72R 5R TrR | TrR 

G G| MG} MG 
GY GY GY G 

G G G G 


0.80 1.20 
to to 
1.00 
100R | 100R 
53R GY 
70R GY 
GY G 
G G 
G G 
MG MG 
MG G 
MG 
G | G 
MG | 


1.60 | 2.00 
to or 
1.85 | more 
100R | 44R 
TrR G 
TrR G 

G G 
MG MG 
G G 
MG MG 
M M 
MG MG 
G G 
MG MG 


TABLE B. Conn CONDITIONS OF UNFABRICATED WIRES CARRYING COATINGS OTHER THAN 


NC—AFTER APPROXIMATELY EIGHT 


YEARS’ 


D = dark to exclusion of better observation; Y = yellowed; G = gray; M = metallic; MG and GY = intermediate 


states; SR and SY = superficial R and Y; R+Y = 


PHR and PHY = rust or yellowed in pin holes. 


Location 


Pittsburgh, Pa. 
Sandy Hoo 


State College, Pa. 
Lafayette, 
Ames, lowa 


nd. 


Manhattan, Kans 


Ithaca, N. Y 


Santa C ruz, Calif 


Conn 


College Station, Tex. 


indistinguishable proportions of R‘and Y; Gn = green; Br 


Coating Groups and Corrosion Resistant Groups 


Copper 
Covered 
Wires* 


; Weight of coating 7 to 9 oz. per sq. ft. of surface. 
b Weight of coating 1.4 to 1.9 oz. per sq. ft. of surface. 


TABLE C.— 
R= 


= trace rust; 


Gn = green; Br = ‘brown. 


Location 


State Pa 
Lafayette, Ind. 
Ames, lowa 


Ithaca, N. Y. 


Manhattan, Kan....... 


Santa Cruz, Calif. 


College Station, 
Calif... 


Tex. 


| 
| Coating Group, oz. 


0.20 | 


PHR, PHY 


Lead C | 
Wires? 


15SPHR 
3R 

20SR 
40R+Y 
255SR 


EXPOSURE. 
= brown; 
12 to 14% » | 
Cr Cold Nt 
Drawn Quenched Zo Ni 
D D 
Y Y G 
G G MG 
M M M 
M M M 
SY sy | MY 
MG MG M 
MG M M 
55SR 25SR_ | MG 
95R+Y 85R+Y MY 
45SR 20SR | MG 


CORROSION CONDITIONS OF FARM ae AFTER APPROXIMATELY EIGHT YEARS’ 
EXPOS 


=rust; Y = yellowed; R+Y = indistinguishable proportions of R and Y;G = gray; M = metallic; MG and GY = 
intermediate stage; TrR = 


= pin hole rusting or yellowing; SR, SY = superficial rust or yellowing; 


0.25 
to 
0.35 


45R 

85R 
| 20R 
TrR 


on 


e Weight of coating 7. 42 oz. per sq. ft. of ‘surface. 


6 Weight of coating 1.48 oz. per sq. ft. of surface. 


and for all groups of wire, which, while 


not 100 per cent rusted, 


show some 
rust on each specimen in the group. 
Table B shows the corrosion condition 


of unfabricated wire of copper-covered 
lead-coated steel and corrosion- 
resistant steel exposed at each of eleven 


steel, 


0.60 | 


| 0.45 | 0.50 | 

| to to to 
0.55 | 0.60 | 0.70 
TrR | GY | GY | 
30R | 10R | 3R | 
TrR | GY | GY | 
TrR G | MG | 
10R | 1R | TrR | 
GY | GY GY | 
3R | 2R | 2R | 
G| G) MG 


test sites. 


zinc per sq. ft. of surface 


0.70 
or 
more 


| Copper 

| Coated” 
= 

| Gn 30R+Y 
Gna 1SPHR 
Br SOPHY 
Br 15PHR 
Br 5R 
| Br 35SR 
| Br | 20SR 
45SR 


Br | 


R 
= interm 
Gn =| 
0.25 | 
to 
0.35 
100R | R 
100R IR 
100R 
92R GY Ames 
99R Manh 
Ithacz 
98R MG = 
TrR MG Davis 
5R GY 
G MG | 
b 
TAB 
| 
inter! 
Ga = 
| 
D D25R 
Gn = 
Gn 2R+ 
Gn 45R+Y 
Br Sant 
Br Dat 
Br av 
in a 
| 
Ni Gn 
1G 
M 
TrR SY 
TrR 1G Pit 
60R AG Sa 
GY G SR Bri 
= G oR Be 
| MG SR la 
An 
It} 
Sa 
Co 
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TABLE D.—CORROSION CONDITIONS OF ag RL AFTER APPROXIMATELY EIGHT YEARS’ 


R = rust; Y = yellowed; R+Y = indistinguishable proportions of Rand Y; G = gray; M = metallic; MG and GY = 


intermediate stage; TrR = trace rust; PHR, PHY = pin hole rust 
Gn = green; Br = brown. 


ing or yellowing; SR, SY = superficial rust or yellowing ; 4 


Coating Group, oz. zinc per sq. ft. of surface Copper _ 
Location Cov- Coated? 
0.20 to | 0.35 to | 0.50 to | 0.70 to | 0.80 to | 1.60 to| 2.000r| ered® 
0.30 0.45 0.60 0.85 1.00 1.80 more 
100R 55R ¥ G G G G Gn 
ee 100R 93R 8R MG MG MG MG Gn 15PHR 
50R 3R G G G G G Br iSPHY 
TrR TrR G MG MG MG MG Br 5PHR 
99R 55R 4R M MG M M Br 5R 
Santa Cruz, Calif TrR G G MG G G MG Br 20SR 
College Station, Tex... 3R 2R iR G G G G Br 60R+Y 
=" TrR G G MG MG MG MG Br 30SR 
* Weight of coating 3.97 oz. per sq. ft of surface. _ ‘ 


’ Weight of coating 1.83 oz. per sq. ft. of surface. 


TABLE E.—CORROSION CONDITIONS OF eames uc AFTER APPROXIMATELY EIGHT YEARS’ 


R = rust; Y = yellowed; R+-Y = indistinguishable proportions of Rand Y;G = gray; M = metallic; MG and GY = 
intermediate stage; TrR = trace rust; PHR, PHY = pin hole rusting or yellowing; SR, SY = superficial rust or yel owing; © 
Gn = green; Br = brown; D = dark, to the exclusion of a better observation. ; 


Coating Group, oz. zinc per sq. ft. of surface 
ati Copper 
Location 
0.29 to | 1.13 to | 2.09to | 1.40 4.21 or | Covered? 
1.2 2.92° 1.97 more 
100R 100R 65R 100R 25R 
100R G 3R G Gn 
Bridgeport, Conn............ 100R GY G TrR G Gn 
State College, Pa............ 40R G G G G Gn 
Lafayette, Ind.............. 80R G MG | MG MG Gn 
70R MG M MG MG Br 
Santa Cruz, Calif........... GY MG MG MG MG Br 
St” aaa G MG MG | MG MG Br 


Lead 
Coated? 


Coated before weaving. 
Coated after weaving. 


© Weight of coating 8.52 oz. per sq. ft. of surface. 


Weight of coating 1.75 oz. per sq. ft. of —- 


fTABLE F.—CORROSION CONDITIONS OF WIRE STRAND AFTER APPROXIMATELY EIGHT YEARS’ b 


R = rust; ¥Y = yellowed; R+Y = indistinguishable proportions of R and Y;G = gray; 
termediate stage; TrR = trace rust; PHR, PHY = pin hole rusting or yellowing; SR, ty 


Gn = green; Br = brown. 


Location 


EXPOSURE. 


M = metallic; MG and GY = 
= superficial rust or yellowing; 


Coating Group, oz. zinc per sq. ft. of surface 


Lead Coated* 


0.69 to 1.03 to 1.32 to 1.71 to 
0.93 1.17 1.51 2.47 

Pittsburgh, 100R 100R 50R 20R 25R 
G G G G 9OR+Y 
gridgeport, Conn G G G G 

latayette, MG MG MG MG 45PHR 

N G MG M 35R 


* Weight of coating 1.96 oz. per sq. ft. of surface. 
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Table C shows the corrosion condition 
of farm field fence exposed at all loca- 
tions except Pittsburgh, Sandy Hook 
and Bridgeport. There are many in- 
stances where the corrosion state of the 
top of the fence is more advanced than 
that of the bottom of the fence; also, 
different states of corrosion exist be- 
tween line and stay wires. ‘These differ- 
ences are not shown in the summary 
table, but are shown in the detailed 
Table III. The corrosion performance 
of any individual specimen of barbed 
wire or of farm field fence listed in 
Tables II and III may be directly com- 
pared with the performance of specific 
unfabricated wire specimens. The Ref- 
erence Information Table (Plate III)** 
in this respect shows the lot numbers 
of wires used in fabricating all fence and 
barbed wire samples. 

Table D shows the corrosion condition 
of barbed wire exposed at all locations 
except Pittsburgh, Sandy Hook, and 
Bridgeport. 

Table E shows the corrosion condition 
of chain link fence exposed at all loca- 
tions except Ames, Manhattan, and 
College Station. 

Table F shows the corrosion condition 
of wire strand exposed at each of eleven 
test sites. 

The detailed corrosion inspection 
records collected in 1943 and 1944 are 
presented at the end of this report in 
Table I (Plate I)** for unfabricated wire 
specimens, Table II for barbed wire, 
Table III for farm field fence, Table IV 
for chain link fence, and Table V for 
wire strand. 

These tables are similar in form to the 
tables in previous reports except that in 
the case of Table I (Plate I) for un- 
fabricated wire specimens all the inspec- 
tion data from Sandy Hook and Bridge- 
port have been assembled in a separate 


24 This plate appears in envelope on inside back cov 
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er. 
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table (Table IA) (Plate II),2* together 
with a graphic presentation of the period 
of rusting, for all groups of zinc-coated 
wires which have shown appreciable 
rusting. 


Findings from Weight Loss Specimens: 


At the start of the test 144 wires (16 
alike of each of 9 wire lots) were ex- 
posed at Pittsburgh, at Sandy Hook, and 
at State College. The test procedure 
plan was to remove the specimens one 
fourth at a time from each location, 
taking the last quarter when the coating 
was nearly gone but before rusting 
started. All of the removals have been 
made from Pittsburgh and Sandy Hook 
and three fourths of the specimens have 
been removed from State College. The 
earlier removals from Pittsburgh, State 
College and Sandy Hook were reported 
in the 1939, 1941, and 1943 Proceedings. 
Table VII shows the results obtained 
from the third removals from State 
College which were the only weight loss 
data assembled since the last published 
report. These data are in line with 
previously reported findings that: 

1. There is a tendency for the light 
gages of wire to lose coating somewhat 
faster than the heavier gages. 

2. There is an indication that there is 
a very slight decrease in the rate of coat- 
ing loss with increasing periods of ex- 
posure. 

3. The over-all average annual loss of 
coating in ounces per square foot of 
surface at Pittsburgh is 0.369; at Sandy 
Hook it is 0.117; and at State College 
it is 0.063. 

4. There is not a consistent indication 
that any one of the three groups (A or 
B or C) loses coating at a more rapid 
rate than the other two, although the 
data might be interpreted to indicate 
Aa Proceedings, Am. Soc. Testing Mats., Vol. 39, p. 156 
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that group C loses weight at the lowest 
rate. 

5. The time required for first rust to 
appear on samples thus far rusted at 
Pittsburgh and at Sandy Hook checks 
reasonably well with the time that would 
be expected from the data on the weight 
loss specimens. 


Findings from Specimens Removed for 
Tension Tests: 


There were originally about 840 ten- 
sile strength specimens exposed at each 
site. In the 1939, 1941, and 1943 Pro- 
ceedings*® the results of tensile strength 


TABLE G.—-NUMBER OF TENSILE STRENGTH 
SPECIMENS REMOVED FOR TEST. 


| Number of Wires | 8 
Removed in 1943 | & A 

and 1944 $ 

21 

Ha S| & 

Zi 2 

Pittsburgh, Pa.......... 4/133| 4! 405] 546 
Sandy Hook, N. J.......| 11 | 48 | 148 | 207 
Bridgeport, Conn..... ..| 0| 35 | 4] 0 130 | 169 
State College Pa........ 12} 20; 4| 0 52 88 
All other sites.......... 0; O 282 282 
27 236 | 12 | © | 1017 | 1292 


and elongation tests on 1017 wires were 
reported. Since then 275 additional 
wires have been removed, divided among 
the different test sites as shown in Table 
G. The detailed results of the tests on 
these 275 wires are shown in Table VI. 

Pittsburgh is the most corrosive of the 
test sites and consequently more speci- 
mens have been removed from there than 
from any other location. Of the 840 
specimens originally at Pittsburgh, 545 
(65 per cent) have been removed. 

The corrosion-resistant steel wires 
(high chromium and nickel chromium 
content wires) and copper covered steel 
wires (coating weights 7 to 9 oz. per 
sq. ft. of surface) that were removed 
from Pittsburgh after an exposure of 


about five years showed no loss in 
strength. 

Lead-coated wires were removed for 
tensile strength tests in 1943 from State 
College, Bridgeport, and Pittsburgh after 


an exposure of about 63 yr. These wires 
have a coating of 1.4 to 1.9 oz. per sq. 


ft. of surface. (See 1944 report for a 
description of the particular type of 


Pittsburgh, Pa. 14-44 e Wires -500 Series 
bead ele 
Cc ee 
© 
le |. 


h Loss 
T 


+ 


Low Copper Content Steel 
_| Wires (Uncoated)* | | 
a . | Copper Bearing Steel 
Wires(Uncoated) = 
* Copper Bearing Steel 


| 


Tensile Strengt 


0 Wires (Zinc Coated), | 
19) | 2 3 4 5 6 
Exposure Time Since First Rust, yr. 
80 (pittsburgh, Pa. 12- “2 Gage Wires - 400 Series 


| | 
| | } 
+ 4 + 
| 
| 


> 
dk 


Tensile Strength Loss, per cent 


19) I 2 3 4 5 6 
Exposure Time Since First Rust, yr. 


Fic. 2.—Tensile Strength Loss for Periods of 
Exposure Since First Rust. 


* Low copper content wires have 0.05 to 0.08 per cent : 
copper, all other wires have about 0.25 per cent copper. 


coating on these lead-coated wires.) 
None of these wires showed any signifi- 
cant loss of strength although the speci- 
mens at that time showed considerable 
pinhole rusting. Apparently the pinhole 
rusting observed on these specimens, 
while undesirable from an appearance 
standpoint, does not materially affect 
the strength of the specimen. There 
are various instances where the lead- 
coated wires appear less corroded now 
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than they did at earlier inspections, but 
at some locations, Pittsburgh forexample, 
progressive overall corrosion is apparent. 


OF EXPOSURE, PITTSBURGH, PA. 


500 Serres (144% GAGE) AND 400 Serres (124 GaGe) UNFABRICATED WIRES. 


tests on uncoated and zinc-coated mild 
steel wires removed from the Pittsburgh 
site. During 1943 and 1944 practically 


TABLE H.—LOSS OF TENSILE STRENGTH SHOWN BY STEEL WIRES AFTER VARIOUS PERIODS 


Exposure Until First | 


| 


co 


| 


Second Test Fourth Test | Fifth Test Seventh Test 
| Tensile | Tensile .| Tensile | Tensile 
5) Str. >| Str. Loss) Loss} §5,|/Str. Loss} 5, 5,\Str. Loss 
36.0 1.94) 39.9) 20 19 |2.93/49.0) 17 |3.25/55.0) 16 61.0 5.48/87.0)| 16 
32.7 1.94) 35.5) 18 15 |2.93/45.2| 15 |3.48|48.1| 14 57.8 5.48/82.7) 15 
31.1 1.94) 36.1) 18 15 |2 93/47 1} 16 | -48)52.9 15 59.6 5.48/84.9) 15 
0 0.74) 10.0) 13 1.73\25.0) 15 .28/31.0 14 46.0 4.75\65.0) 14 
26.3 1.34) 28.1) 21 17 |2.88|43.8| 15 59.6 5.35|79.0| 14 
26.1 1.44) 27.7) 19 2.43\41.5| 17 |2.98)44.6) 15 49.2 5.45|83.0) 15 
\0. 0 0 \0.74) 1.8) 2 4.28/58.9| 14 |4.75|55.4) 12 55.4 §.75|71.5) 12 
—3.7) |0.20;\—5.5| 3.73|59.3| 16 |4.20|55.6| 13 155.6 5.20|75.9| 14 
0 —2.0} |0.50) 10 4.03/65.0| 16 |4.50/64.0; 14 64.0 5.50|79.7| 14 
0 |0.74;—4.5| 0 4.28|72.6| 17 |4.75|62.9| 13 53.3 5.75|80.7) 14 
0.08} 8.0; O |0.54| 15.0) 28 4.08|63.0| 15 |4.55|66.0) 15 82.0 5.55|79.8) 14 
0.10 0 |3.07, 53.4) 18 4.10/61.7| 15 |4.60|71.7) 16 5.65}80.0) 14 
0 0 |2.32) 32.9) 14 3.35|57.2) 17 |3.90/68.5| 17 4.90|75.7) 15 
0.30 0 (3.27 41.2) 13 4.30 59.8) 14 |4.80/65.7| 14 5.85|77.4| 13 
0.10 0 |3.07| 35.0) 12 4 13 12 5.65|75.0) 13 
0.42 1 |2.00) 46.3) 23 3 00/63 .8) 21 |3.40|77.8 23 
0 | © |1.60) 35.5) 21 2.60/45.1| 17 |3.00)64.5 21 
25.0 1.94] 23.0) 12 .45|25.0 2.93|32.3) 11 13.48 32.3) 9 5.95|54.2 9 
28.9 1 94) 25.5) 13 |2.45|31.1 2.93,38.0| 13 |3.48)41.2) 12 5.95/65.6| 10 
23.6 1.94) 23.7) 12 “45|23.7 11 |3.48/33.0) 10 5.95|56.8) 9 
21.3 1.94) 21.3) 11 |2.45)22.3 2.92|27.7| 9 |3.48/28.7| 8 5.95|44.7| 7 
5 18.0 1.29) 18.8) 15 |2.28)28.1 2.83/30.7| 11 |4.27/45.7) 11 5.30)51.7) 10 
7.3 1.09} 9.7| 9 |2.08)16.3 2.63|26.8| 10 |4.07/31.8| 8 5.10/45.5| 9 
5) 4.8 0.69) 8.5) 12 2.23,19.3| 9 |3.67/54.2) 15 . |14.70/40.4| 9 
-60)0 4.3 0.34) 3.2) 10 |2.90)25.5 10 |4.35/28.6) 7 |5. 5.35|55.2) 10 
-45)0 8.0 0.50) 5.0) 10 |3.05|23.0 4.03}40.0 10 |4.50'34.0; 8] ... 
.25/0.23| 17.5) ...|0.70) 17.5] 25 |3.25/25.0 4.23)41.2| 10 |4.70/40.0| 9] .. 
—1.3) —4.5) O /2.32)15.4 12 |3.35/38.5} 11 |4.35 5.30/56.5| il 
6.8) O |0.34) 11.4) 33 |3.32|23.9 3.88)41.5) 11 |4.35/39.8) 9 |5.35)5 6.30)59.1) 9 
60.0 —2.0| O |0.34| 9.8) 29 |3.32| 0 3.88/38.2) 10 |4.35)42.2) 10 15.35 16.30/62.7| 10 
0 —6.8) O |2.32) 31.4) 14 |2.88)39.8 3.35 12 12 |4.90 5.30/63.5) 12 
0.55|—5.8| |3.02) 23.1) 8 |3.58/41.3 4.05|42.4) 10 |4.60/49.1) 11 |5.60) 6.00}63.5} 11 
0. 17 |2.92) 10.6) 3 |3.48)45.7 3.95/46.8 12 |4.50/52.2) 12 |5.50 5.90/63.9) 11 
0.55|—1.3} |3.02| 22.0) 7 |3.58)38.0 4.05.41.4| 10 |4.60/46.0) 10 |5.60 6.00/60.6) 10 
0 0 |2.22) 21.1) 10 2.78) 37.7 3.25/43.8) 13 |3.80'43.0) 11 [4.80 5.20)57.0) 11 
0.55|—0.7; |3.02| 23.4) 8 |3.58/38.0 4.05|38.0) 9 60/44.7| 10 |5.60 6.00|57.7| 10 
2.53) 22.6 3.50) 24.4) 7 4.55/44.7) 10 10 > 
0.98) 21.6 .|2.00) 23.6} 12 3.00) 34.3} 11 40/431 13 


@ Low copper content wires, 0.05 to 0.08 per cent copper. 


In the 1943 Proceedings’ there were 
shown the results of all tensile strength 


4 Proceedings, Am. Soc. Testing Mats., Vol. 43, p. 83 
1943). 


All other wires have about 0.25 per cent copper. 


all the remaining No. 14}-gage and No. 
12}-gage specimens were removed and 
tested, and the data from these tests 
together with the earlier data on these 
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used to designate appearance 


Abbreviations and symbols 


= 
No. 501 
No. 506 
No. 507 
No. 
No. 511 
No. 512 
No, 520 
No. 521 
No. §22 
No. 53( 
No. 531 
No. 54€ 
No. 54! 
No. 542 ‘ 
No. 543 
No. 551 
No. 552 2 
406 
401 
‘ No. 405 
No. 406 
No. 41( 
No. 411 
No. 417 
No. 421 
No. 42: 
No. 42: 
No. 43( 
No. 43 
No. 43; 
No. 441 
No. 44 
No. 44: f 
No. 44. 
No. 44: 
No. 49 
No. 45( 
, ‘ No. 45 | 
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TABLE III.—REPORT OF INSPECTIONS 

Abbreviations and symbols used to designate appearance or states of corrosion: M = metallic; G = gray; Y = yellowed, or 
holes; B, Br, Gn, respectively signify corroded to a black, brown, or green appearance; D=¢c 
or SR = superficial Y and superficial R, respectively; Asterisk (*) = spec kled appearance. fF 
stay wires. Where two values are shown separated by & (90R&Y) the first applies to the top wires of the fence and the second to 


Jark (dirt or soot) to the exclusion 
Figures (as 5, 20, 50, 100) are per- 
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State College, Pa. Lafayette, Ind. Ames, Iowa 
Coating | ing, 
542 588 642 6.87 7.03 8.00] 6.93 7:90! 692 7.29 
surface®) yr. yr. yr. yr. yr. yr. yr. yr. yr. r 
| | 
0.20 | 0.27 | No. 512...) SOR&Y 80R 9OR&GY 90R-100R 100R 100R| 100R&G 100R&G| GY TrR 
to 0.30 | No. 410...) SOR&GY 25R&GY 60OR&GY 10R-70R| 90R&100R 95R| 100R&G 100R&G) 3¥ TrR 
0.30 | 0.28 | No. 411... Y 5R 10R&GY SR 80R&G 100R GY G-TrR| G G 
Avg. 0.29 | No. 510. Y-5R 25R 20R&GY 90R 9R&G 100R GY GY-TrRk| GY G 
0.28 0.29 | No. 412 Y Y-20R 40R&GY 50R-95R| 90R&10R 90R GY TrR&G| G G 
0.24 | No. 511...| 30R&G 75R GOR&GY 9R-100R| 9OR&G 100R} G-SOR G-S5OR G G 
0.25 0.25 No. 315...| 40R-60R 80R 90R&Y 99R| 9R&SOR 90R| SOR&G 7OR&G G 
to 0.28 | No. 215. G6ORKY 50R 100R 90R} 100R&G 100R&G| GY TrR 
0.35 0.38 | No, 317. Y Y Y 5R! 35R 75R GY G G G 
Avg. 0.32 | No. 316. Y 2R 10R&Y 20R| 75R&G 80R GY 5R&GY G G 
0.30 0.30 | No. 216. Y 1R Y 30R| 6OR 80R&G GY 8R&G G G 
0.35 0.36 | No. 520... ¥ Y GY 5R-20R 80R&G 9OR&5OR GY GY G G 
0.35 | No. 422.. Y S5R&Y 2R 10R-25R 80R&G 80R GY  GTrR| GY 
0.45 0.31 | No. 423 Y Y G 5R-20R) 75R 90R GY GY G G 
0.44 | No. 522 Y Y G Y 5SOR&G G6OR&G G G G 
“ey 0.38 | No. 521 Y-5R 10R 10R&GY TrR-90R WOR&G 75R&G G  GTrR G G 
0.47 | No. 421...) Y-5SR SR&Y 10R&Y Y-10R 15R 20R GY  GTrR G G 
nae | 0.44 | No. 325 Y Y Y Y) 10R 30R GY GY G 6G 
0.50 | No. 228 ¥ 10R 30R GY G G G 
$5 0.51 | No. 227 Y Y Y 1R| 10R 25R GY  GTrR G 
b 0.38 | No. 326 Y Y Y 2R| 6OR 75R&G GY GY G G 
on 0.47. | No. 327 Y Y ¥ Y G 8R GY GY G G 
‘ 0.45 | No. 225 Yy Y 7 Y G 8R GY GY G G 
0.61 | No. 530 G G G G MG MC SG G| MG MG 
0.50 0.57 | No. 432 G G G G} MG MG G G| MG MG 
to 0.60 | No. 531 G GY GY GY G-60R 15R-80R G G| MG MG 
0.60 0.48 | No. 431. ¥ Y Y Y GY 25R GY GY G G 
Avg. 0.54 | No. 430 Y Y Y Y GY 12R GY GY G G 
0.54 0.49 | No. 532 Y Y Y y 5R 30R GY GY| GY G 
0.49 | No. 433 Y Y Y ¥ 5R 12R GY GY| GY G 
0.69 | No. 338 G G G G MG MC GY GY| MG MG 
0.0 0.68 | No. 236 G G G G MG MG G G| MG MG 
re 0.61 | No. 335 GY GY GY GY G 8R G G| MG MG 
0.70 0.63 | No. 237 GY GY GY GY G G G G| MG MG 
_ 0.57 | No. 337 Y Y Y Y G G GY GY} G G 
| 0-67 | No. 235 Y Y Y 5R 15R GY GY G 
, 0.66 | No. 336 y Y ¥ Y G G GY GY G G 
0.60 | No. 238 Y Y i y G G GY GY G G 
0.70 | No. 540 G G G G MG MG G G| MG MG 
0.70 0.72 | No. 442 G G G G MG MG G G| MG MG 
: 0.79 | No. 543 G G G G MG MG G G| MG MG 
Ay 0.78 | No. 441 G G G G G MG G G| MG MG 
L 0.70 | No. 542 G G G GY} G G G G| MG MG 
on 0.74 | No. 443 G GY GY G| G G G G| MG MG 
, 0.76 | No. 541 G G G GY| MG MG G G| MG MG 
0.76 | No. 440.. G G G G MG MG G G| MG MG 
1.05 | No. 348 G G G G MG MG G G| MG MG 
0.80 0.81 | No. 248 G G G G MG MG G G| MG MG 
: 0.88 | No. 347 G G G G MG MG G G| MG MG 
to 0.95 | No. 246 G G G re MG MG G G| MG MG 
Ao? | 0.88 | No. 346 G G G GY| G G G G| MG MG 
O49 | 0-81 | No. 245 GY G G GY| G G G G| MG MG 
. 0.84 | No. 345 Y Y Y Y G G G G G G 
0.96 | No. 247. GY GY GY Y G G GY G G G 
1.60 1.75 | No. 350 G G G G MG MG G G| MG MG 
to 1.69 | No. 252 G G G G MG MG G G| MG MG 
1.80 1.75 | No. 352 G G G G MG MG G G| MG MG 
Avg. | 2.80 | No. 397 ; G G G MG MG G G| MG MG 
2.76 2.72 | No. 298 G G G G MG MG G G| MG MG 
12-14% Cr, cold ‘ 
rawn.......| No. 001 M M M MG M M SY SY| MG* MG 
12-14% Cr, air 
quenched....| No. 002 M M M MG M M SY SY| MG MG 
18% Cr, 8% Ni...| No. 003... M M M M M M M M M M 
Copper covered 
(7.42 oz. per 
sq. ft.). No. 020... Gn Gn Gn Gn Gn Gn Br Br Br Br 
Lead coated (1.48 
oz. per sq. 
No. 040...| 20PHR 35R+Y 30R+Y 30R+Y 1SPHR 15PHR| SOPHY SOPHY |30PHY 15PHR 


@ The zinc coating weight reported in this column is the average of all stripping test determinations made on samples of 
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ARM’ FIELD FENCE§SPECIMENS. 


rst stained, but not showing actual rough rust of base metal; R = rust of base metal; PHR, PHY = rust or yellowed in p!n- 
{a better observation; MG = intermediate between M and G; GY = predominately gray but showing indication of Y; SY 
entages. Where oe eens are shown separated by a dash (50R-80R) the first applies to the line wires and the second to the 
the bottom wires of the fence. 
Ithaca, N.Y. Santa Cruz, Calif. | College Station, Tex. Davis, Calif. ony 
ence 
i 7.94 6.90 7.85 6.87 7.80 6.91 7.85 ee 
7.89 yt yr. yr. yr. yr. yr. yr. yr. surface 
1OR&G  80R&G G G 12R 20R G} 0.20 | 0.27 | No. 512 
REG  SOR&G G10Y 5R -25R-GY G G| to 0.30 | No. 410 
TrR SR&G  75R&G G G GY 2R G G| 0.30 | 0.28 | No. 411 
TrR WREG 100R&G G G 2R 3R G G| Avg. | 0.29 | No. 510 
 80R&G} G10Y G1sY GY G 0.28 | 0.29 | No. 412 
G G 2R 4R G G 0.24 | No. 
G R&G 90R| G G 12R 17R ( G| 0.25 | 0.25 | No. 315 
TR R 100R| G G 5R 12R G1Y G1Y| to 0.28 | No. 215 
ie R-10R 6OR G GY 1R 5 G| 0.35 | 0.38 | No. 317 
rR IR 80R sY G10Y 1R 3R ry G| Avg. | 0.32 | No. 316 
: R-50R 6OR G GY GY G G| 0.30 | 0.30 | No. 216 
S R&G 6OR&G G G 3R 7R G G| 9.35 | 9.36 | No. $20 
GC R&G 7OR&G G10Y G10Y 3R 5R G G to 0.35 No 422 
IR&G 50R G GY 1R 0.45 0.31 | No. 423 
rR IR-SOR SOR&G G G GY 2R G G| 4 | 0.44 | No. $22 
GB G G SR 8R G | 0.38 | No. 521 
G-25R G-100R G G 3R G 0.47 | No. 421 
G G 5R sY 5Y 1R 5R G G| o.45 | 0-44 | No. 325 
IR 1R SY 10Y 5R 5R 0.50 | No. 228 
C 2R 4R SY 10Y GY 3R G G| 0.55 0.51 | No. 227 
THR 50R G 1R 2R G Gl AY 0.38 | No. 326 
G 1R G G GY 1R G 0.47 | No. 327 
G M M MG MG ; G MG MG 0.61 | No. 530 
“Mc M M MG MG G G MG MG!| 0.50 | 0.57 | No. 432 
MG G G 10R MG G G G MG MG to 0 60 No 531 
MC G 1 G G 1R 2R G G} 0.60 | 0.48 | No. 431 
G G10R GSY GSY GY IR G G| 0.54 | 0.49 | No. 532 
C é re GSY GS5Y iR 3R G G 0.49 | No. 433 
G M M MG MG G G MG MG 0.69 | No. 338 
MG M M MG MG c G MG MG! 9 69 | 0.68 | No. 236 
MG G G G G G MG MG t 0.61 No. 335 
MG G MG G G G G MG MG] 9% | 0.63 | No. 237 
MG G G G IR 2R 0.57 | No. 337 
G G 2R SY SY IR 4R G G| 6‘; | 6-67 | No. 235 
G ¢ G 5Y 10¥ iR 4R G G 0.66 | No. 336 
G G G 5Y 10Y 3R 5R G G 0.60 No. 238 
_& M M MG MG G G MG . MG 0.70 | No. 540. 
MG M M MG MG G G MG MG) 9 19 0.72 | No. 442 
MG MG MG MG MG G G MG MG t 0.79 No 543 
MG M MG MG G G MG MG} 9 gs | 0-78 | No. 441 
MG G G MG MG G G MG M¢ Avg 0.70 No. 542 
MG MG G MG MG G G MG MG| 4 ‘t; | 0.74 | No. 443 
MG MG MG MG MG G G G M¢ 0.76 No. 541 
MG MG MG MG MG G G MG MG 0.76 | No. 440 
*.. M M MG MG G G MG MG 1.05 | No. 348 
MG M M MG MG G G MG MG] 9 9 | 0.81 | No. 248 
MG M M G G G G MG MG) °: 0.88 | No. 347 
MG MG MG G G G G MG MG| j\h9 | 9-95 | No. 246 
MG MG G MG MG G G MG MG) A: 0.88 | No. 346 
MG MG MG G MG G G MG MG| 0.90 0.81 | No. 245 
MG . G G G GY GY G G| °: 0.84 | No. 345 
G G G c G GY 2R G G 0.96 | No. 247 
=. M M MG MG G G MG MG| 1.60 | 1.75 | No. 350 
MG M M MG MG G G MG MG! to 1.69 | No. 252 
MG M M S G G G G G} 1.80 1.75 | No. 352 
= M M MG MG G G MG MG] Avg. | 2.80 | No. 397 
MG M M MG MG G G MG MG| 2.76 | 2.72 | No. 298 
M - | - — — —— ~ 
— 12-14% Cr, cold 
M* MG* 30SR 35SR 50SR 50SR|} 35SR-45SR 60SR-!O0SR No. 001 
MG* 4%, Cr, air 
M* M 15SR 20SR| -30SR 20SR| 10SR-35SR 10SR-35SR| quenched No. 002 
MG M M MG, SSY* 5SY MSG MG! 18% Cr, 8% Ni..| No. 003 
M — —— — ——— 
a Copper covered 
7.42 oz. per 
Br Br Br Br Br Br Br Br aS) ae No. 020 
coated 
1.48 oz. per 
15R 5R| 25R-30SR 35SR-2SR 20PHSR 20RPHSR| 40SR-5SR 45SR-SSR| sq. ft.) ........ No. 040 
ISPHR 
er bricated wire, fence or barbed wire of the specific wire lot number. . 
ples 
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TABLE VI.—BREAKING LOADS AND ELONGATION OF UNFABRICATED WIRE SPECIMENS. 
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E First | Breaking | tion 10 E Fi Breshing| tion 
- xpo- irs reaking | tion in m xpo- irst reaking | tion in 10 
Wire Lot | sure, yr. | Rust, yr. | Load, lb. in., Wire Lot sure, yr. | Rust, yr. ad, Ib ~~ 
per cent per cent 
Tests ON SPECIMENS ExposEeD AT Brunot IsLanp (PITTSBURGH, Pa.) 
7 
| CEE 6.48 1.20 95 4.3 No. 430. 6.95 2.60 390 0.4 
520 6.95 1.20 80 1.4 eee 7.93 2.60 340 0.1 
6.48 1.75 100 2.0 6.95 1.60 410 0.5 
Cee 6.95 1.75 65 0.9 aaa 7.93 1.60 360 0.3 
arr 6.48 1.45 140 0.0 Oe aa 6.95 1.60 245 2.0 
6.95 1.45 102 0.2 7.93 1.60 190 
ee 6.48 1.20 145 0.8 No. 440 6.48 2.60 305 6.3 
ee 6.95 1.20 60 0.2 No. 440....... 7.48 2.60 280 2.2 
Ree 6.48 1.40 90 2.5 No. 440....... 7.93 2.60 215 1.3 
531 6.95 1.40 105 0.1 SS ee 6.48 1.90 265 9.4 
ae 6.48 1.85 85 4.3 oY ae 7.48 1.90 205 5.1 
See 6.95 1.85 65 0.2 | eee 7.93 1.90 190 2.5 
7.48 1.85 60 1.2 6.48 2.00 225 5.8 
541 6.48 2.60 110 3.23 | ere 7.48 2.00 200 2.9 
541 6.95 2.60 95 0.3 No. 442....... 7.93 2.00 170 1.2 ~~ 
_ ee 7.48 2.60 85 1.0 Oe ee 6.48 1.90 405 1.0 
_ See 6.48 1.65 175 0.4 No. 443...... 7.48 1.90 315 0.2 
542. 6.95 1.65 145 0.2 No. 443. 7.93 1.90 295 0.2 
_ eee 7.48 1.65 115 0.3 No. 444. 6.48 2.70 325 6.9 
re 6.48 1.85 135 1.6 No. 444....... 7.48 2.70 250 4.3 
6.95 1.85 80 0.4 7.93 2.70 245 2.8 
Sr 7.48 1.85 75 0.8 No. 495. 6.48 1.90 415 0.8 
551. 6.48 4.50 290 0.6 SS ere 7.48 1.90 360 0.2 
551. 6.95 4.50 285 0.2 No. 495. 7.93 1.90 310 0.1 
551 7.48 4.50 295 0.2 Ne. 608....... 6.48 2.95 620 0.4 
551. 7.93 4.50 120 0.2 No. 450 6.95 2.95 485 0.2 
er 7.93 | 4.50 120 0.1 No. 450 7.48 2.95 455 0.3 
ee 6.48 | 4.90 200 1.9 No. 450. 7.93 2.95 395 0.1 
552 6.95 4.90 180 0.2 Ne. 454........ 6.48 4.50 390 3.5 
ee 7.48 4.90 170 0.5 No. 451 6.95 4.50 335 2.1 
7.93 4.90 110 0,2 7.48 4.50 335 1.8 
6.95 0.65 215 7.93 4.50 290 1.3 
410. 6.95 0.65 205 1.7 i eee 6.95 1.60 210 6.2 
rrr. 6.95 1.25 430 0.3 No. 421. 6.95 1.60 230 3.3 
6.95 1.25 410 0.3 
EES 6.48 0.40 570 6.0 No. 139. 7.48 1.90 1595 10.6 
316 6.48 1.20 745 0.9 We. 208...... 6.48 2.70 680 7.8 
ee 6.48 1.40 520 8.5 No. 345 7.48 2.70 580 3.6 
EA 7.48 0.60 810 9.4 iS eee 6.48 2.50 760 2.5 
ee 7.48 1.30 1180 3.0 No. 346...... 7.48 2.50 665 1.5 
217. 7.48 1.00 885 4.7 SS 6.48 2.60 585 5.4 
7.48 0.60 2145 3.9 7.48 2.60 525 5.8 
117. 7.48 0.70 1780 10.1 SS ae 6.48 3.20 735 0.5 
325 6.48 1.70 545 14.4 No. 348...... 7.48 3.20 630 0.6 
325 7.48 1.70 495 12.3 iO. 200....5- 6.48 2.40 1265 3.1 
6.48 1.40 370 7.8 6.48 2.90 1015 10.9 
326 7.48 1.40 295 6.7 No. 247. 6.48 2.90 1360 6.0 
. 327 6.48 1.80 815 2.2 No. 248. 6.48 2.10 1245 1.4 
. 327 7.48 1.80 705 0.5 SS ere 6.48 2.50 1325 4.2 
6.48 1.80 500 11.2 | 6.48 2.70 2305 §.2 
Ae 7.48 1.80 430 10.4 | No. 149. 6.48 2.70 1720 14.1 
0 eet 6.48 1.90 1345 3.7. | No. 800 6.48 3.90 2460 5.0 
Ree 6.48 1.90 950 13.0 N 6.48 3.50 1220 4.0 
6.48 2.50 6.48 5.10 555 12.2 
ode n'y: 6.48 1.60 910 14.0 7.48 5.10 495 9.3 
. ae 6.48 1.40 1615 14.3 6.48 2.90 835 7.0 
Ri<ecessas 6.48 1.70 2085 4.2 7.48 2.90 720 4.5 
+ ee 6.48 1.60 735 1.9 6.48 3.90 1125 0.6 
. 335 7.48 1.60 640 1.3 7.48 3.90 970 0.2 
. eee 6.48 2.70 555 9.3 6.48 3.90 1330 8.0 
. 336 7.48 2.70 495 10.5 6.48 3.90 1750 1.2 
. 337 6.48 2.50 585 7.9 6.48 4.50 1025 9.6 
. 337 were 7.48 2.50 510 7.8 6.48 3.90 2880 1.2 
< aoe 6.48 2.00 730 0.7 7.48 0 540 1.3 
0. 338 7.48 2.00 620 0.5 7.48 0 380 10.7 
235 7.48 2.60 1285 3.7 6.48 0 1810 3.3 
236 7.48 2.00 1035 1.6 6.48 0 1625 8.8 
Bassa 7.48 1.80 1125 2.6 6.48 0 2090 2.0 
238 7.48 2.50 1205 3.4 6.48 0 1870 1.9 
RES 7.48 2.60 850 15.1 6.48 0.9 1850 6.4 
135 7.48 2.60 2105 3.1 6.48 0.9 1085 8.4 
Se 7.48 2.00 | 1635 14.4 6.48 0.9 695 6.4 
6.48 0.9 275 6.8 
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TABLE VI.—Concluded. 


E First | Breaking | tlos 10 E First. | Breaking | 
- {xpo- ‘irs reaking | tion in - xpo- irst reaking | tion in 10 
Wire Lot sure, yr. | Rust, yr. | Load, lb. in., Wire Lot sure, yr. | Rust, yr.| Load, lb. in., 
per cent per cent 
Tests ON SpecimeENS Exposep at SANDY Hook, N. J. Cage of 
6.90 1.70 295 0.23 || No. 327....... 6.44 3.80 1040 5.37 
6.90 1.70 150 | 5.17 || No. 329....... 6.44 3.80 675 13.47 
6.90 1.50 190 3.07 || No. 225....... 6.44 3.90 1535 4.40 — 
6.90 1.80 425 | 9.53 || No. 226.. 6.44 3.90 1115 13.33 
6.90 1.80 480 | 2.47 || No. 227... 6.44 4.40 1505 6.40 —— 
6.90 2.50 660 0.67 || No. 228... 6.44 2.90 1040 15.10 — 
6.44 1.60 790 8.73 || No. 125... 6.44 3.40 1740 15.17 
6.44 2.70 965 3.17 || No. 127... 6.44 3.90 2505 5.23 a 
6.44 3.70 710 13.63 || No. 530... 6.44 2.90 300 9.07 9 
6.44 1.80 1070 11.23 || No. 530.. | 7.91 2.90 235 4.97 
6.44 2.70 1460 5.90 |] No. 531 ..| 6.44 4.70 455 0.47 ae 
6.44 2.80 1075 7.40 || No. 531 | 7.91 4.70 365 0.21 rr 
6.44 1.70 2485 4.93 || No. 430. | 6.44 4.40 745 2.87 
6.44 2.70 2080 9.67 || No. 430. | 7.91 4.40 615 0.87 a 
6.44 2.70 215 9.33 || No. 431 6.44 3.70 765 3.17 14% 
7.91 2.70 185 7.30 || No. 431 7.91 3.70 | 680 1.90 
6.44 2.90 215 11.50 || No. 432 6.44 noR 555 7.50 ae 
7.91 2.90 185 8.17 |] No. 432 7.91 6.50 445 6.7 
6.44 2.90 370 0.37 || No. 501 6.90 0 | 210 0.27 
7.91 2.90 315 0.23 || No. 506 6.90 0 225 0.17 ° By 
6.44 2.80 410 11.47 |] No. 507....... 6.90 0 | 185 0.20 wo 
7.91 2.80 350 9.03 || No. 400.. 6.90 0 300 8.40 _ 
6.44 2.90 435 12.27 || No. 401... 6.90 | 0 250 3.80 
7.91 2.90 405 11.07 || No. 405. 6.90 | O 280 8.50 
6.44 2.70 350 13.90 |] No. 406....... 6.90 | 0 | 310 10.57 
7.91 2.70 No. 101 ‘| 6.44 0 | 4965 3.87 
6.44 2.90 1205 10.50 || No. 102. : 6.44 0 | 1730 10.13 
7.91 2.90 1180 8.73 || No. 105 | 6.44 0 | 2330 3.33 
6.44 3.80 695 16.07 || No. 106 | 6.44 0 | 2195 1.7 
6.44 3.80 610 16.87 | | | | 
Tests ON SPECIMENS Exposep AT BripGEPoRT, CONN. 
ee 6.45 1.70 815 | 10.10 || No. 226 s+ 6.45 3.90 15 | 15.37 
Po oviead 6.45 2.50 1025 | 4.63 || No. 227. 6.45 4.40 1565 | 4.73 
ee 6.45 2.80 710 10.40 || No. 228 | 6.45 3.80 1085 15.83 
ere 6.45 1.80 1125 13.50 || No. 125.. | 6.45 | 3.70 | 1795 13.97 
Pecans 6.45 2.80 1510 6.97 || No. 127.. 6.45 | 4.00 | 2490 4.63 
snaaiaien 6.45 2.70 1030 8.43 || No. 530.. | 6.45 5.40 270 6.70 
atten 6.45 1.70 2585 5.50 |} No. 530. | 7.90 5.40 250 6.77 
ciéee wd 6.45 2.70 2100 10.60 |} No. 531 6.45 4.70 440 0.53 
RS 6.45 2.50 245 12.93 }] No. 531.......} 7.90 4.70 385 0.50 
Sad 6.45 3.40 260 13.87 || No. 430 6.45 4.90 805 4.33 
eascanaey 6.45 3.40 430 0.30 || No. 430 7.90 4.90 715 0.97 
ie 6.45 2.70 425 13.37 || No. 431 6.45 3.50 790 4.33 
acne 6.45 2.70 465 13.67 || No. 431 7.90 3.50 715 3.00 
6.45 2.50 365 14.53 || No. 432 6.45 5.40 515 4.93 
6.45 2.80 1280 11.33 || No. 432 7.90 5.40 465 6.77 
6.45 3.90 715 16.10 |} No. 040....... 6.45 1.40 1870 9.07 
Soeur oes 6.45 2.90 640 13.80 || No. O41.......| 6.45 1.40 1090 11.30 
panama. 6.45 3.90 1065 5.73 || No. 042.......1| 6.45 | 1.40 715 9.03 
aon 6.45 3.80 690 13.17 || No. 043.......| 6.45 | 1.40 3.5 15.30 
6.45 3.90 1580 4.53 eee | 
Tests ON SPECIMENS Exposep AT STATE COLLEGE, Pa. 
= 6.30 5.70 495 0.9 || No. 31s....... | 7.30 4.00 850 11.8 
‘ 7.30 5.70 | 460 No. 316 | Fm 5.70 1075 5.1 
: 6.30 4.70 250 15.8 No. 317 + 2 6.75 810 15.2 
5 See 7.30 4.70 250 14.6 No. 215. .| 7.30 4.00 1140 13.7 
_ 6.30 4.50 280 15.1 No. 216. | 7.30 5.70 1590 5.6 
Se 7.30 4.50 285 14.0 No. 217..... 7.30 5.50 1160 8.0 
No. 410........ 6.30 | 4.50 570 | 13.5 No. 115. 7.30 4.30 2650 5.6 
No. 410........| 7.30 4.50 540 | 15.3 No. 117 7.30 4.70 2190 9.6 
OLY 6.30 5.50 695 2.9 No. 040 | 6.30 1.30 1885 8.6 
Rs ciaicas 7.30 5.50 650 | 5.5 No. 041 6.30 1.30 1105 11.5 
ee ae .| 6.30 5.70 850 6.0 No. 042... 6.30 1.30 720 11.2 
Se. eee 7.30 5.70 795 2.6 No. 043... 6.30 1.30 315 15.2 
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VII.—LOSS OF WEIGHTS OF ZINC COATED WIRES. 
me: (Tests on unfabricated wires weighed and measured before exposure.) . 
~14 Losses of Weight in ounces per square foot. 


Group A? | Group B* Group C? 


Rack Exposure Rack Exposure | Rack Exposure — y, 


Wire Lot Wire Lot | Gages 


Wire Lot West 
Side 


East 


East West East 
Side 


Side Side Side 


West 
Side 


StaTE CoLLecE, Pa. Exposures (6.30 YR.) 


s 
| 
- 
=§ 
| 
we 
3 
o 


No. 148 0.362 
0.377 
1.07 9 No. 247 0.395 | 0.356 | No. 248 0.306 | 0.300 | 0.340 
0.377 | 0.373 0.311 | 0.300 
).27 TT No. 346 0.382 | 0.379 | No. 345 0.378 | 0.374 | No. 348 0.318 | 0.311 0.354 
— 0.382 0.363 0.369 0.374 0.312 0.311 


V7 14% | No. 542 0.360 | 0.384 | No. 541 0.366 | 0.376 | No. 540 0.316 | 0.327 | 0.354 
90 0.385 | 0.375 0.371 | 0.376 0.295 | 0.311 


Average...| 0.375 0.370 | Average...| 0.376 | 0.371 | Average. . 0.309 


@ By reference to the published referee tests results, the wires listed under Group A, (or B or C) will be found to be 
ely alike as regards base metal composition and coating characteristics. 
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gages are shown in Table H. In calcu- 
lating elapsed time since rusting began, 
all the uncoated wires were assumed to 
have started to rust immediately on 
exposure. In the case of the zinc- 
coated specimens, the time of exposure 
since first rust was calculated by sub- 
tracting from the total time of exposure 
the time required for first rust to appear 
as determined from the records of visual 
inspections. The table also shows for 
each test specimen the calculated tensile 
strength loss in per cent per year of 
exposure since first rust. 

In Fig. 2 the data from Table H are 
plotted to show the loss in tensile 
strength with different periods of expo- 
sure since first rust. All the test data 
are included except some few initial 
tests made before rusting occurred or so 
shortly after rusting started that the 
results were not significant. Through 
the plotted points a trend line for each 
wire gage was drawn by eye with the 
additional aid of short-cut statistical] 
methods. 

In the case of the No. 145-gage wires 
the additional data obtained since the 
last report did not seem to alter the 
trend line previously shown in the 1943 


EprroriAL 


Subsequent to the Annual Meeting, Committee A-5, jointly with Committee 
B-8 on Electrodeposited Metallic Coatings, presented to the Society through — 
the Administrative Committee on Standards a proposed revision of. the 
Tentative Method of Test for Local Thickness of Electrodeposited Coatings 
This recommendation was accepted by the Standards 
Committee on August 27, 1945, and the revised method appears in the 1945 
Supplement to Book of A.S.T.M. Standards, Part P, under the designation 


(A 219 - 40 T). 


A 219-45 T. 
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Proceedings. In the case of the No, 
12}-gage wires the more recent dat, 
necessitated a slight change in the trend 
line. The former trend line is shown 
as a broken line in Fig. 2. 

The progressive loss of strength of zinc- 
coated wires after the zinc coatings were 
gone was about the same (or slightly 
slower) than the loss of strength ex- 
perienced by uncoated wires. This js 
substantiated by the curves of Fig. 2 
which show that the encircled points 
(copper-bearing uncoated steel wires) 
are in general not out of line with the 
nonencircled dots (copper-bearing zinc- 
coated steel wires). 

Data from other gage wires removed 
from Pittsburgh were not sufficient to 
warrant a revision of the results pre- 
viously published. 

Corrosion at the other test sites has 
not progressed sufficiently to make pos- 
sible extensive comparisons of tensile 
strength loss. 


Respectfully submitted on behalf of 
the Wire Test Inspection Committee, 
C. D. Hocker, 
Chairman. 
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S were 4 oa REPORT OF COMMITTEE A-10 

lightly 

th ex. 

“his js IRON-CHROMIUM, IRON-CHROMIUM-NICKEL AND RELATED 

Fig. 2 ALLOYS* 

points 

wires) Committee A-10 on Iron-Chromium, Seamless and Welded Austenitic Stainless Steel 

bs lron-Chromium-Nickel, and Related Tubing for Dairy and Food Industry (A 270 - 

zinc. Alloys held a meeting in New York, 
N. Y., on June 27, 1944. The activities Seamless Austenitic Chromium-Nickel Steel 
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e, Co. and J. E. Seymour of Northrop Committee accepted! the following 
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ER, bership representing the Pacific Coast Specifications for: 

man. \ircraft War Production Council. H. 


Ss. Schaufus returned to the committee 
$ representative of Eastern Stainless 
Steel Corp. with his associate I. C. 
Clingan. 

Subsequent to the Annual Meeting, 
Committee A-10 presented as joint 
sponsor with Committee A-1 on Steel, 
the following recommendations to the 
Society through Committee E-10 on 
Standards: 


New Tentative Specifications for: 


Seamless and Welded Ferritic Stainless Steel 
Tubing for General Service (A 268 - 44 T) 
and Emergency Alternate Provisions EA -— 
\ 268, 

Seamless and Welded Austenitic Stainless Steel 
Tubing for General Service (A 269-44 T) 
and Emergency Alternate Provisions: EA 
A 269, 


* Presented at the Forty-Eighth Annual Meeting of the 
ciety, June 27, 1945. 


Hot-Rolled and Cold-Finished Corrosion-Re- 


sisting Bars (A 276-44 T), 
Tentative Method of: 

Total Immersion Testing of Stainless Steels 
(A 279 - 44 T),? 


Steels (A 262 - 43 T), and 
the 
Standard Specifications for Corrosion-Resisting 


Revision of Tentative Recommended Practice for: 
Boiling Nitric Acid Test for Corrosion-Resisting 
Withdrawal of Emergency Alternate Provisions in 

Chromium and Chromium-Nickel Steel Plate, 


1 In submitting these recommendations to Committee _ 
E-10 on Standards, Committee A-10 reported the following 
results of the letter ballot vote from a committee member- 
ship of 81: A 268 and A 269, affirmative 43, negative 0, 
ballots marked “not voting’ 12; A 270, affirmative 40, 
negative 0, ballots marked “not voting’’ 15; A 271, affirma- 
tive 41, negative 0, ballots marked “not voting” 14; A 276, _ 
affirmative 43, negative 4, ballots marked “not voting” 8; 
A 279, affirmative 52, negative 0, ballots marked ‘not 
voting’’ 4; A 262, affirmative 51, negative 1, ballots marked » 
“not voting”’ 3. 

21945 Supplement to Book of A.S.T.M. Standards, 
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Sheet, and Strip, for Fusion-Welded Unfired 
Pressure Vessels (EA — A 240a). 


These new and revised tentatives 
also appear in the 1944 Book of A.S.T.M. 
Standards, Part I, except Method A 279 
which is appended hereto.” 


EMERGENCY ALTERNATE PROVISIONS 


At present no changes are contem- 
plated in Emergency Alternate Provi- 
sions EA-A 167a and EA-A 177 ap- 
plying to the Standard Specifications 
for Corrosion-Resisting Chromium- 
Nickel Steel Plate, Sheet, and Strip 
(A 167 — 44) and for High-Strength Cor- 
rosion-Resisting Chromium-Nickel Steel 
Sheet and Strip (A 177-44), respec- 
tively.’ 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Classification of Data 
(E. F. Cone, chairman; Russell Franks, 
secretary) is compiling a set of Tables 
of Data on Cast Corrosion- and Heat- 
Resisting Chromium and Chromium- 
Nickel Steels with the cooperation of the 
Alloy Castings Institute. The informa- 
tion necessary for preparation of the 
data should be available by the end of 
the year. 

Subcommittee IV on Methods of Cor- 
rosion Testing (F. L. LaQue, chairman; 
Arba H. Thomas, secretary) prepared 
the revised Tentative Recommended 
Practice for Boiling Nitric Acid Test 
for Corrosion-Resisting Steels (A 262 
-44T) and a new Tentative Method 
of Total Immersion Testing of Stainless 
Steels (A 279-44 T)*, which, as men- 
tioned earlier in the report, were ac- 
cepted by Committee E-10 during the 
year. 

Other activities consisted of working 
out final details of proposed atmospheric 


corrosion tests on stainless steels through 


2See Editorial Note, p. 90. > 
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subgroups appointed to handle par. 
ticular phases of the program. The 
subcommittee prepared, also, for the 
Army Ordnance Dept., Frankford Ar. 
senal, a summary of opinions from pro- 
ducers and users of stainless steels con- 
cerning the practice of passivation by 
treatment with nitric acid solutions, 
The principal continuing activity of the 
subcommittee is the proposed program 
of atmospheric corrosion tests of stain- 
less steels. Additional details need to 
be worked out before the procurement of 
test sites, test racks, and specimens, 
Exposure of specimens is not likely to 
begin until next year. In connection 
therewith, E. S. Taylerson with C. P. 
Larrabee as alternate, has been ap- 
pointed by the chairman Mr. LaQue 
to represent Committee A-10 on Sub- 
committee VII of Committee B-3 on 
Corrosion of Non-Ferrous Metals and 
Alloys which subcommittee will cor- 
relate data on weather and climatology 
in connection with the corrosion of 
metals and alloys. 

Subcommittee V on Mechanical Testing 
(F. T. Olt, chairman) as a result of a 
round-robin series of tension tests on 
work-hardened metal, prepared a report 
entitled “Cooperative Study of Effect of 
Rate of Strain on the Tensile Proper- 
ties of Stainless Sheets,” which was 
published as an Appendix to the 1944 
Report of Committee A-10.! 

A second round-robin tension testing 
program, dealing with the effect of speci- 
men preparation, has been completed, 
and a report thereon is in preparation. 

Subcommittee VI on Metallography 
(Russell Franks, chairman) has been 
inactive during the year. It is expected 
that a new program of work will be de- 
veloped in connection with carbide and 
other phase identification in austenitic 
steels and also in plain chromium steels. 


4 Proceedings, Am. Soc. Testing Mats, Vol. 44, p. 133 
(1944), 
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Subcommittee VIII on Specifications 
for Bars, Forgings, and Wire (J. K. Find- 
ley, chairman) prepared the new Tenta- 
tive Specifications for Hot-Rolled and 
Cold-Finished Corrosion-Resisting Steel 
Bars (A 276-44 T) which, as indicated 
earlier in this report, were accepted by 
Committee E-10 on December 27, 1944. 

The subcommittee is now preparing 
specifications for corrosion - resisting 
spring wire. 

Subcommittee IX on Specifications for 
Flat Products (C. C. Snyder, chairman) 
recommended the withdrawal of Emer- 
gency Alternate Provisions EA — A 240a 
applying to the Standard Specifications 
for Corrosion-Resisting Chromium and 
Chromium-Nickel Steel Plate, Sheet, 
and Strip, for Fusion-Welded Unfired 
Pressure Vessels (A 240-43) which 
recommendation has been accepted by 
Committee E-10. 

Subcommittee X on Specifications for 
Castings (J. J. Kanter, chairman) col- 
laborated with Subcommittee V of Com- 
mittee B-4 on Electrical-Heating, Elec- 
trical-Resistance, and Electric-Furnace 
Alloys in the prepartion of the Tenta- 
tive Specifications for Chromium-Nickel- 
Iron Alloy Castings (25-12 Class) for 
High-Temperature Service (B 190-44 
T)’ which were accepted by the Society 
at the 1944 Annual Meeting. Inasmuch 
as these specifications are under the 
joint jurisdiction of Committee A-10 and 
Committee B-4, they were subsequently 
approved by letter ballot vote of Com- 
mittee A-10 as follows: From a member- 
ship of 81, 55 members returned their 
ballots, 42 of whom voted affirmatively, 
| negatively, and 12 members marked 
their ballots “‘not voting.” 

Recently proposals have been made to 
Committee A-10 looking toward revi- 
sion of the requirements for physical 
properties and chemical composition in 
the Standard Specifications for Chro- 


'1944 Book of A.S.T.M. Standards, Part I 
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mium-Nickel Alloy-Steel Castings (A 
222 — 39) which recommendations have 
been referred to Subcommittee X for 
study. A letter ballot on the proposed 
changes indicated the desirability of 
awaiting a report from Subcommittee I 
whose work on the compilation of phys- 
ical properties for the alloys covered by 
Specifications A 222, it is anticipated, 
will furnish a basis for a general review 
of the specification limits. 

Subcommitiee XI on Specifications for 
Tubular Products (J. J. B. Rutherford, 
chairman) collaborated with members 
of Subcommittee [IX of Committee A-1 
on Steel in the preparation of the four 
new tentative specifications for stainless 
steel tubing for various applications 
which as indicated earlier in this report 
were accepted by Committee E-10. 

The joint subcommittee also standard- 
ized the chemical composition of the 
several grades of corrosion-resisting steels 
used in tubular products by making the 
composition ranges in the Standard 
Specifications for Seamless Alloy-Steel 
Boiler and Superheater Tubes (A 213 
-44) and for Atomic-Hydrogen-Arc- 
Welded and Electric-Resistance-Welded 
Alloy-Steel Boiler and Superheater 
Tubes (A 249 — 44) and in the Tentative 
Specifications for Seamless Alloy-Steel 
Pipe for Service at Temperatures from 
750 to 1100 F. (A 158 — 44 T) compatible 
with the ranges in the new specifications 
for tubular products. 


This report has been submitted to 
letter ballot of the committee which 
consists of 86 members; 67 members 


returned their ballots, of whom 60 have | 


voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
JEROME STRAUSS, 
‘Chairman. 
H. D. NEWELL, 
Secretary. 
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EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee A-10 recommended to the 
Administrative Committee on Standards that Emergency Alternate Pro- 
_ visions EA - A 167a and EA - A 177 applying to the Standard Specifications 
for Corrosion-Resisting Chromium-Nickel Steel Plate, Sheet, and Strip (A 
167-44) and for High-Strength Corrosion-Resisting Chromium-Nickel 
Steel Sheet and Strip (A 177 — 44) be continued without revision. This recom- 
mendation was accepted by the Standards Committee on August 27, 1945. 


On January 16, 1946, the Standards Committee accepted the joint recom- 
mendation of Committee A-10 and Committee B-4 on Electrical-Heating, 
Electrical-Resistance and Electric-Furnace Alloys that the Tentative Spec- 
ifications for Chromium-Nickel-Iron Alloy Castings (25-12 Class) for High- 
Temperature Service (B 190-44 T) be revised. The revised tentative 
specifications appear in the 1945 Supplement to Book. of A.S.T.M. 
Standards, Part I. 
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FATIGUE OF 


During the 1944 Annual Meeting of 
the A.S.T.M., in New York, N. Y., 
the Research Committee on Fatigue of 
Metals held a meeting at which the Third 
Progress Report on the Effect of Size of 
Specimen on Fatigue Strength of Three 
Types of Steel was discussed and sub- 
sequently published in the annual Pro- 
ceedings.» 

As an outgrowth of this discussion a 
paper on “A Study of Size Effect and 
Notch Sensitivity in Fatigue Tests of 
Steel’’ has been prepared by H. F. Moore 
and is being presented to the Society this 
year.” 

At the June meeting the relation of 
results of tests of fatigue specimens 
to the selection of stress values for de- 
sign of parts subjected to repeated stress 
in service was discussed at some length. 
The general opinion of those present was 
that while this research committee can- 
not consider many machine or structural 
parts in detail, it should try to find cor- 
relating factors between the results of 
laboratory tests and the performance 
of parts in service. 

With deep sorrow the committee 
notes the death of Alfred V. De Forest, 
for many years a notable figure in the 


field of fatigue of metals, a hard working 
* Presented at Forty-Eighth Annual Meeting of the 
society, June 27, 1945. 
‘ ' Proceedings, Am. Soc. Testing Mats., Vol. 44, p. 137 
944), 


*See p. 507. 
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member of the committee, and a friend — 
of every member. The members of this 
committee cherish his memory, and ex- 
tend sincerest sympathy to his family. 

During the year two new members — 
have been added to the committee: J. 
O. Almen of the General Motors Re- 
search Laboratory, Detroit, Mich., and 
Reginald B. Bland, formerly with the 
Lockheed Aircraft Corp. and now with 
the technical staff of Langley Field, Va. 

In accordance with a vote by letter 
ballot the committee is considering the 
matter of nomenclature and definitions 
of terms used in fatigue of metals studies, 


METALS* | 


way 


the following subcommittee having been | 

appointed to study and report on this" 

matter: R. E. Peterson (chairman), H. 

W. Gillett, L. H. Donnell, R. B. Bland, 

and R. L. Templin. 
R. E. Peterson of the Westinghouse 

Research Laboratories has been elected 

vice-chairman of the research committee. 


This report has been submitted to 
letter ballot of the committee which 
consists ‘of 26 members; 20 members 
returned their ballots, of whom 19 have 
voted affirmatively, and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 
H. F. Moore. 
Chairman. 
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During the past year, the Joint Re- 
search Committee on Effect of Tempera- 
ture on the Properties of Metals, under 
the sponsorship of The American Society 
of Mechanical Engineers and the Ameri- 
can Society for Testing Materials, held 
one meeting on November 30, 1944, in 
New York, N. Y., during the Annual 
Meeting of The American Society of 
Mechanical Engineers. 

In addition, the committee sponsored 
a Session on Graphitization of Steel 
Piping during the Annual Meeting of The 
American Society of Mechanical Engi- 


“Graphitization of Carbon-Molybdenum 
Steel in High-Temperature Steam Piping,” 
by George A. Timmons. 

“Graphitization of Welded and of End- 
Quenched Carbon and Molybdenum Steels,” 
by G. V. Smith and S. H. Brambir. 


The six papers and the discussion have 
been published by the A.S.M.E. in a 
special compilation, dated September, 
1945, under the title ‘“Graphitization of 
Steel Piping.” 

Finances: 

There appears in Table I a summary of 

the administration of committee funds 


TABLE I.—-SUMMARY OF RECEIPTS AND EXPENDITURES OF COMMITTEE FUNDS. 


Balance as of June 26, 1944 shown in 1944 report ......... P $8654.58 
RECEIPTS 

1944 

September Interest on funds (10/1/43 to 9/30/44) ..... 37.79 
$8692.37 

EXPENDITURES 

1944 


neers, in New York, N. Y. on December 
1, 1944, comprising the following papers: 


“Graphitization of Low-Carbon and Low- 
Carbon-Molybdenum Steels,” by H. J. Kerr 
and F. Eberle. 

“Progress Report on Graphitization of 
Steam Lines,” by S. L. Hoyt and R. D. 
Williams. 

“Investigation of Graphitization at De- 
troit,” by R. M. Van Duzer, Jr., I. A. 
Rohrig, and Arthur McCutchan. 

“A Study of Austenitic Welding for Con- 
trol of Graphitization in Steel,” by I. A. 
Rohrig. 


92 


during the period from June 26, 1944 to 
June 30, 1945. 


Organization and Membership: a 


There have been two additions to the 
membership of the committee during the 
year. V.T. Malcolm, of the Chapman 
Valve Manufacturing Co., formerly 4 
member of the committee, has been 
added to the committee’s membership. 
Also Henry North, of the Douglas Air- 
craft Co., Inc., has been appointed to 
membership to represent the West Coast 


= 
> 6 
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aircraft manufacturers in the work of 


e 

Project No. 29 on Stability of Steels as 

Affected by Temperature (J. J. Kanter, 


chairman).—This project is active in the 
general field of graphitization, dealing 


the committee. 


Research Projects: 


especially with graphitization of steel 
castings. 


Respectfully submitted on behalf of 
the Joint Research Committee, 


N. L. Mocuet, 


Chairman. 
H. J. Kerr, 
Vice-Chairman. 
J. W. Botton, 
Secretary. 
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The Joint A.W.S.-A.S.T.M. Com- 
mittee on Filler Metal has continued 
the formulation of standards for filler 
metal. The joint committee recently 
presented to A.S.T.M. through Com- 
mittee E-10 on Standards a proposed 
revision of the Tentative Specifications 
for Iron and Steel Arc-Welding Elec- 
trodes (A 233 —-43 T),! including a new 
Guide to A.W.S.-A.S.T.M. Classification 
of Iron and Steel Arc-Welding Elec- 
trodes. This recommendation was ap- 
proved by the A.W.S. Board of Directors 
on April 19, 1945, accepted? by A.S.T.M. 
Committee E-10 on May 19, 1945. 
The revised tentative specifications have 
been published under the serial designa- 
tion A 233 — 45 T.3 

A meeting of the committee was held 
in New York, N. Y., on June 28, 1944. 


ACTIVITIES OF SUBCOMMITTEES 


_ Subcommittee I on Iron and Steel Arc- 
Welding Electrodes (J. H. Deppeler, 
chairman) is responsible for the revision 
of Tentative Specifications A 233 and 
the preparation of the Guide to A.W.S.- 
A.S.T.M. Classification of Iron and 
Steel Arc-Welding Electrodes, referred 
to above. The guide contains a discus- 
sion of the properties and use of 
electrodes conforming to the classifica- 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 

1 1944 Book of A.S.T.M. Standards, Part I. 

2In submitting this recommendation to Committee 
E-10 on Standards, the Joint Committee on Filler Metal 
reported results of the letter ballot vote as follows: Of a 
total membership of 70, 52 members returned their ballots, 
of whom 44 voted affirmatively, 1 negatively, and 7 mem- 
bers marked their ballots “not voting.” 

31945 Supplement to Book of A.S.T M. Standards, 
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tions established in the Specifications 
A 233 and is intended to assist the users 
of these electrodes. The work has been 
forwarded through a working group of 
twelve members: of the subcommittee, 
which held four meetings and prepared 
proposed drafts of the specifications and 
guide for consideration by the entire 
membership of Subcommittee I. Ap 
proval of the revision was obtained at 
a meeting of the subcommittee, and con- 
firmed by letter ballot vote. As indi- 
cated above the revised specifications 
have since been approved by the AS. 
T.M. on the recommendation of the 
joint committee. 

Subcommittee IIIT on Aluminum and 
Aluminum-Alloy Filler Metal (G. 0. 
Hoglund, chairman) prepared the Ter- 
tative Specifications for Aluminum and 
Aluminum-Alloy Metal Arc-Welding 
Electrodes (B 184-43 T).! addi- 
tion, the committee has drawn up 
Proposed Tentative Specifications for 
Gas-Welding Rods for Aluminum and 
Aluminum-Alloys. The final draft 
of these specifications is being com- 
pleted and will be submitted for 
consideration of the main committee 
shortly. This work covers the primary 
commercial welding processes and no 
specific new projects are before the sub- 
committee. New developments in weld- 
ing procedures may make it desirable 
to compile additional specifications, but 
such new developments have not yet 
reached the stage where filler metal 
requirements can be crystallized so that 


specifications can be drawn up. _ 
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Subcommittee IV on High-Alloy Steel 
Filler Metal (R. D. Thomas, chairman) 
held one well-attended meeting during 
the year, the result of which was a re- 
drafting of the first preliminary draft of 
Proposed Tentative Specifications for 
Stainless Arc-Welding Electrodes. The 
modifications proposed by the members 
present at this meeting were later sub- 
mitted to the membership of the entire 
subcommittee by letter ballot. The 
returns were, in general, affirmative, but 
quantitatively small. Certain negative 
votes were cast, accompanied by com- 
ments. Since then most of the objec- 
tions raised by the negative voters have 
been removed, either by a proposed 
revision, or, in some cases, by clarifica- 
tion. It is expected that a third draft 
will be ready for submittal to letter 
ballot vote of the subcommittee in the 
near future. 

Subcommittee VI on Copper and 
Copper-Alloy Filler Metal (C. E. Swift, 
chairman) held two meetings during 
the past year. At the first meeting, the 
specifications to be written were dis- 
cussed in a general way, the grouping 
of the copper alloys was agreed upon, and 
methods of test were tentatively fixed. 
lt was thought that the composition of 
the alloys could best be determined by 
tests on core wire of the electrodes, 
though it was admitted that tests of 
weld metal would be more feasible, if 
the welding procedures for the test pads 
would be specified accurately enough to 
overcome variations in composition that 
might result from irregularities in the 
velding procedure. ‘The lengths of elec- 
trodes and location of the grip were 
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discussed without reaching any definite 
decision. This meeting was adjourned 
with the recommendation that Proposed 
Tentative Specifications for Copper and 
Copper-Alloy Arc-Welding Electrodes be 
prepared and submitted to the members 
of the committee for comment. 

At the second meeting a draft of a 
portion of the specifications was con- 
sidered. The various sections of this 
draft were discussed and the decisions 
agreed upon were reported to the mem- 
bers of the subcommittee with a request 
for comments on the work accomplished 
and suggestions for completing the table 
of chemical requirements. Thus far 
comments and suggestions have been 
received from several members of the 
subcommittee. 

Subcommittee VII on Hard Facing 
Filler Metal (M. G. Sedam, chairman) 
was organized, in line with action taken 
at the June, 1944, meeting of the joint 
committee, superseding the previous 
Subcommittee VII on Electrode Chart. 
Selection of the personnel of the sub- 
committee has been completed, and the 
subcommittee will undertake its assigned 
work in the near future. 


This report has been submitted to 
letter ballot of the committee which 
consists of 70 members; 54 members 
returned their ballots, all of whom have 
voted affirmatively. 


_ Respectfully submitted on behalf of 
the committee, 
J. H. DEPPELER, 
Chairman. 
S. A. GREENBERG, 
Secretary. 
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REPORT OF COMMITTEE B-1 
ON 


COPPER AND COPPER-ALLOY WIRES FOR ELECTRICAL CONDUCTORS* 


Committee B-1 on Copper and Cop- 
per-Alloy Wires for Electrical Conduc- 
tors held two meetings during the year. 
Both of these meetings were held in New 
York, N. Y., on November 20, 1944, and 
on March 16, 1945. 

The present membership of Commit- 
tee B-1 is 48, of whom 23 are classified 
as producers, 16 as consumers, and 9 as 
general interest members. 

Subsequent to the 1944 Annual Meet- 
ing, Committee B-1 presented to the So- 
ciety through Committee E-10 on Stand- 
ards a proposed Tentative Method of 
Test for Resistivity of Copper and Cop- 
per-Alloy Electrical Conductors. ‘This 
recommendation was accepted! by Com- 
mittee E-10 on August 28, 1944, and the 
new tentative method appears in the 
1944 Book of A.S.T.M. Standards, Part 
I, bearing the designation B 193 — 44 T. 
On the same date, the Standards Com- 
mittee approved the withdrawal of the 
Emergency Specifications for Lead- 
Coated and Lead-Alloy-Coated Copper 
Wire for Electrical Purposes (ES — 1a) 
and Emergency Alternate Provision EA — 
B 8 in line with the actions set forth in 
the 1944 report. 


I. REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 


The committee recommends for im- 
mediate adoption revision in three stand- 
ard specifications, as set forth below, and 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 

1 In submitting these recommendations to Committee 
E-10 on Standards, Committee B-1 reported the following 
results of the letter ballot vote from a committee member- 
ship of 46, 36 members returned their ballots, 30 of whom 
voted affirmatively, 1 negatively, and 5 members marked 
their ballots ‘‘not voting.” 


accordingly asks for a nine-tenths affirm- 
ative vote at the Annual Meeting in 
order that these modifications may be 
referred to letter ballot of the Society. 


Standard Specifications for Tinned Soft or 
Annealed Copper Wire for Electrical 
Purposes, (B 33 — 39)? 


Table I.—Delete from this table the 
tensile strength requirements for sizes 
0.0201 in. and smaller. This change will 
take cognizance of the practical difficul- 
ties of determining areas with adequate 
precision to make the tensile requirement 
valid and recognizes the elongation test 
as determinative for very fine wire. 

Section 6.—Add a new Paragraph (a) 
to read as follows, relettering the present 
Paragraph as (b). The practice stated in 
this new paragraph has been considered 
general in the industry, but recent inter- 
pretations indicate the desirability of a 
definite statement with respect thereto. 

6. (a) The continuity of coating on the wire 


shall be determined on representative samples 
taken before stranding or insulating. 


Section 10.—Change from its present 
form: namely, 


10. A mechanical test for adhesion of tinning 
may be made by bending the wire around a rod 
having a diameter equal to four times the diam- 
eter of the wire, and dipping the bent portion of 
the wire only in the sodium polysulfide solution 
(Section 8 (b)), for 30 sec. Any cracking or 
parting of the coating shown by blackening 
of the copper shall be cause for rejection. 


to read as follows: 


10. (a) Length of Specimen.—Test specimens 
shall be approximately 12 in. in length and shall 
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igged or marked to correspond with the coil, 
spool, or reel from which they are cut. 

) Preparation of Specimen.—The specimens 
shall be thoroughly cleaned if required by im- 
mersion in benzine, ether, distilled petroleum 
ether, or carbon tetrachloride for at least 3 
min., then removed and dried. The specimens 
thus cleaned shall be kept wrapped in a clean 
dry cloth until tested. That part of the speci- 
mens to be immersed in the test solution shall 
not be handled. Care shall be taken to avoid 
abrasion of the surface to be subjected to test. 
Wire of sizes 0.005 in. and smaller may be 
cleaned after wrapping around the mandrel. 

c) Wrapping Procedure.—The test specimen 
shall be slowly wrapped in a suitable manner 
n an open helix around a polished mandrel 
having rounded ends and a diameter equa] to 
four times the diameter of the specimen. Care 
shall be taken not to stretch the specimen during 
the wrapping operation. The spacing of the 
consecutive turns shall be approximately equal 
to the diameter of the wire. For sizes 0.021 in. 
and smaller not more than six helical turns shall 
used for the test, and for wire larger than 
0.021 in. not more than three turns shall be used. 

(d) Immersion Test.—The helically wrapped 
portion of the test specimen shall be removed 
from the mandrel and completely immersed in 
the sodium polysulfide solution (Section 8(d)) 
for 30 sec. at the temperature prescribed in 
Section 9(a). On removal from the sodium 
polysulfide solution, the specimen shall be 
rinsed immediately in clean water and the 
excess removed by shaking. 

(e) Examination of Specimen.—The outer 
peripheral surface of the helically wrapped por- 
tion of the specimen shall be visually examined. 
For wires 0.021 in. and smaller, a magnification 
not greater than three times may be used. Any 
cracking or parting of the coating in this area 
shown by blackening of the copper shall be 
cause for rejection. A grayish appearance of 
the coating after immersion shall not constitute 
failure. 

(f) Retest.—In the event of failure, two addi- 
tional specimens shall be tested. If either of 
these specimens fails, the coil, reel, or spool 
shall be rejected. 


Standard Specifications for Soft or An- 
nealed Copper Wire (B 3 — 41)? 


Table I—Make the same change in 
this table as recommended above in Ta- 
ble I of Standard Specifications B 33. 


= 


Standard Specifications for Soft Rectangu- 
lar and Square Copper Wire for Electri- 
cal Conductors (B 48 42)? 


Title—Add the word ‘‘bare” between 
“square” and “‘copper.” 

Section 1—In Paragraph (a) add the © 
word “bare” between “annealed” and 
“copper.” 

In Paragraph (b) add the following © 
sentence to the description of Type B: ‘ 
“Type B wire of thickness less than — 
0.0201 in. or with a ratio of width to 
thickness greater than 30 to 1 is not con- 
templated in these specifications.” 

Section 5 (a).—Change from its pres- 
ent form: namely, 

5. (a) Type B wire shall successfully with- 
stand being bent edgewise through 180 deg. 


around a mandrel of the diameter prescribed in 
Table I without cracking on the outside of the 


bent portion. Intermediate thicknesses or 
widths shall conform to the requirements for the 
next larger size. 
to read as follows: 


5. (a) Type B wire shall successfully with- 
stand bending edgewise through 180 deg. around 
a mandrel without cracking. The mandrel 
diameter expressed in increments of #y in. shall 
be equal to one half the nominal width of the 
material being bent. When this diameter falls 
within an increment of #z in., the next smaller 
#z-in. increment shal] be used as the mandrel 
diameter. In no case shall the mandrel diam- 
eter be less than #z in. In no case shall this 
bending test be applied to wire of thickness 
less than 0.0201 in. or with a ratio of width to 
thickness greater than 30 to 1. 


Table I.—Omit this table which shows © 
mandrel diameters for bending tests. 

Section 6.—Change the last sentence 
to read as follows by the addition of the | 
italicized figures and the omission of those — 
in brackets: a temperature of 20 C. 
(68 F.) the resistivity shall not exceed — 
[891.58] 875.20 ohms (mile, pound).” 

Section 7—In Paragraph (a) add a 
reference to Notes 7 and 8. 

Change Paragraph (d) from its present — 
form to read as follows, retaining the | 
present Fig. 1: 


| 
i 


(d) The corners of the wire shall be rounded 
within the limits of radii 25 per cent under and 
25 per cent over (as determined by a radius 
gage) of those values specified in Table I. 

TABLE I.—RADII IN INCHES OF CORNERS OF 
SQUARE AND RECTANGULAR WIRE. 


Specified Width, in. 
Specified Thickness, in. 0.751 | 0.189to| Upto 
and 0.750, | 0.188, 
over incl. incl. 
0.689 and over........... % | 
0.688 to 0.439, incl.......... 
0.438 to 0.226, incl.......... Ye as 
0.225 to 0.166, incl. % | 
0.165 to 0.126, incl.......... Ye we | 3 
0.125 to 0.073, incl.......... rounded % | & 
edge?” | 
0.072% to 0.051, incl......... rounded, rounded % 
edge edge 
0.050 and under............ rounded) rounded) rounded 
edge edge”; edge 


@ Square wire 0.072 in. and under shall have a corner 
radius of 0.012 in. + 25 per cent. 
A rounded edge is an edge produced by rolling round 
wire to the size specified either with or without edging 
rolls (see Fig. 1). 


Fig. 1.—Change the title of this figure 

from its present form to read as follows: 

_ “Sections of Wires with Rounded Edges 
and Rounded Corners.” 


TABLE II.—-AREAS OF SQUARE COPPER WIRE. 


| Area of Perfect Calcu- | Theo- 


Corner | lated | retical 
Size, in.* | Squace Radius, | Depar-| Net 
in. ture,’ | Area, 

| 84. in. mils mils} sq. mils 
0.0508...... | 0.002583! 2583 | 0.012 | 124 | 2459 
0.0570. .....| 0.003257| 3257 0.012 124 | 3133 
0.0640......| 0.004107) 4107 0.012 | 124 | 3983 
0.0719...... 0.005178) 5178 0.012 | 124 5054 
eee 0.006530; 6530 0.016 | 209 6321 
0.0907...... 0.008234; 8234 | 0.016 209 | 8025 
0.1019 0.010380) 10380 0.016 209 | 10171 
sre 0.013090, 13090 0.016 209 | 12881 
0.1285......| 0.016510) 16510 0.032 838 | 15672 
0.1443......| 0.020820] 20820 | 0.032 | 838 | 19982 


| 
0.1620 0.026250} 26250 | 0.032 | 838 | 25412 
0.1819 .| 0.033100) 33100 | 0.047 | 1887 | 31213 
0.2043 0.041740| 41740 | 0.047 | 1887 | 39853 
0.2294...... | 0.052640 52640 | 0.063 | 3353 | 49287 
0.2576...... 0.066370! 66370 | 0.063 | 3353 | 63017 
0.2893...... | 0.083690) 83 0.063 | 3353 | 80337 
ee | 0.105500/105500 | 0.063 | 3353 |102147 
0.3648......| 0.133100 133100 | 0.063 | 3353 129747 
0.4096. .....| 0.167800'167800 | 0.063 | 3353 |164447 


0,4600...... 0.211600)211600 0.094 | 7545 204055 


@ While four significant figures are given, only three 
are used in most practical measurements. 
© The reduction in area due to the rounding of the 
corners. 


Explanatory Notes—In Note 3 delete 

- the second column of resistivity values. 

Add new Notes 7 and 8 to read as 
follows: 


Norte 7.—Table II gives the net area in square 
wll mils for square wires in sizes 0.051 to 0.460 in., 
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inclusive, allowance having been made for the 
reduction in the area occasioned by the rounding 
of the four corners of the wire to the dimensions 
shown in Table I of these specifications. The 
areas are for those dimensions specified and do 
not take into account probable increase or 
decrease in area due to tolerances. This in- 
formation is intended for use in calculations and 
for such other purposes as may be agreed upon 
by the manufacturer and the purchaser. 


Note 8.—Table III gives the net area in 
square mils to be deducted from circumscribing 
rectangles of rectangular wire cross-sections to 
obtain the net cross-sections in square mils of 
the finished wire. The reduction in square mils 
is based on rounding of the four corners of the 
wire in accordance with the radii shown in 
Table I of these specifications. The areas to 
be deducted are based on the radii specified and 


TABLE III.—REDUCTION OF AREA IN SQUARE 
MILS FROM CIRCUMSCRIBING RECTANGLES 
DUE TO ROUNDING OF CORNERS OF REC- 
TANGULAR WIRE. 


Specified Width, in. 
Specified Thickness, in. 0.751 10.189 to! 0.188 
and | 0.750, and 
over incl. | under 
30178 30178 
0.688 to 0.439, incl............ 13413 7545 
0.438 to 0.226, incl.............]| 7545 3353 ; 
0.225 to 0.166, incl.............] 3353 1887 1887 
0.165 to 0.126, incl............. 3353 838 838 
0.125 to 0.073, incl............. = 838 209 
0.072 to 0.051, incl............. 209 
0.050 and under............... 6 


@ For wire with rounded edges, the calculated reduction 
of area in square mils is equivalent to 214,600 T2, where T 
is the thickness of the wire, in inches. For square wire, 
see Table II. 


do not take into account probable increase or 
decrease in area due to tolerances. ‘This in- 
formation is intended for use in calculations 
and for such other purposes as may be agreed 
upon by the manufacturer and the purchaser. 


If. REVISION OF TENTATIVE 
SPECIFICATIONS 

The committee recommends revision 
of five tentative specifications and meth- 
ods and their continuation as tentative: 
Tentative Specifications for Rope-Lay- 

Stranded Copper Conductors Having 

Bunch-Stranded Members, for Elec- 

trical Conductors (B 172 42 

Section 3(c).—Change the last sentence 
to read as follows by the addition of the 

3 See Editorial Note, p. 101. 
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italicized words and the omission of 
those in brackets: ‘‘The tensile strength 
and elongation requirements for wires 
tested after removal from such annealed 
conductors shall not exceed the maxi- 
mum tensile strength prescribed in 
Standard Specifications B3 increased 
by 5 per cent, nor the minimum elonga- 
tion prescribed therein reduced in nu- 
merical value by 5 per cent (for example, 
rom [30] 20 per cent to [25] 15 per cent).”’ 


Table I.—Add the following to foot- 
note “a”: “The constructions shown in 
this table provide for a finished, non- 
covered, stranded conductor approxi- 
mately of the area indicated. When 
specified by the purchaser, usually to 
provide additional area to compensate 
for draw-down during subsequent proc- 
essing, the number or size of wires com- 
posing the noncovered conductor may be 
increased as required.” 

Section 7 (a).—Change the second 
sentence to read as follows by the addi- 
tion of the italicized figures and the omis- 
sion of those in brackets: “In the latter 
case the maximum tensile strength per- 
mitted shall be increased 5 per cent and 
the minimum elongation permitted shall 
be reduced in numerical value 5 per cent 
for example, from [30] 20 per cent to 
25] 15 per cent).” 

Section 10.—Change Paragraphs (a) 
and (b) to read as follows and add the 
the following new Paragraph (c): 


10. (2) The calculated area of cross-section 


| of a stranded conductor shall be considered to 


ve the sum of the cross-sectional areas of its com- 
ponent wires—when measured perpendicularly to 
their axes. 

(b) The cross-sectional area of a conductor 
designated as an A.w.g. size shall be not less 
than 98 per cent of the area indicated in column 
lof Table I for sizes 211,600 cm. and smaller. 
The cross-sectional area of a completed con- 
ductor not designated as an A.w.g. size shall 
‘enot less than 98 per cent of a calculated value 
obtained as the sum of the nominal cross- 
“ctional areas of the individual wires. 


(c) The method of determination of the area 
of cross-section shall be in accordance with 
commercial practice unless a particular method 
has been agreed upon by the manufacturer and 
the purchaser. 


Tentative Specifications for Rope-Lay- 
Stranded Copper Conductors Having 
Concentric-Stranded Members for Elec- 
trical Conductors (B 173 —- 42 T):23 


Section 3(c).—Make the same change 
in this section as recommended above in 
Section 3 (c) of Specifications B 172. 

Table I.—Add the following to foot- 
note “a”: “The constructions shown in 
this table provide for a finished, non- 
covered, stranded conductor approxi- 
mately of the area indicated. When 
specified by the purchaser, usually to 
provide additional area to compensate 
for draw-down during subsequent proc- 
essing, the sizes of the wires composing 
the noncovered conductor may be in- 
creased as required.” 

Section 7 (a).—-Make the same change 
in this section as recommended above in 
Section 7 (a) of Specifications B 172. 

Section 10.—Make the same change in 
this section as recommended above in 
Section 10 of Specifications B 172. 


Tentative Specifications for Bunch- 
Stranded Copper Conductors for Elec- 
trical Conductors (B 174 — 42 T):?»3 


Section 3(c).—-Make the same change 
in this section as recommended above in 
Section 3 (c) of Specifications B 172. 

Section 5.—Add new Paragraphs (d) 
and (e) to read as follows: 


(d) Conductors of an intermediate nominal 
area in circular mils shall conform to require- 
ments for lay of the next smaller conductor. 

(e) Unless otherwise specified by the pur- 
chaser, bare or coated, bunch-stranded con- 
ductors shall be furnished under the require- 
ments for maximum length of lay for ordinary 
flexing service, without separator. 

Note.—Flexible cords, known commercially 
as types S, SJ, POSJ, and SV are considered to 
be for severe flexing service. 
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TABLE Iv. 


Table II.—Change from its present 
form to read as shown in the accompany- 
ing Table IV. 


MAXIMUM LENGTH OF LAY FOR 
BUNCH- ‘STRANDE D CONDUC TORS. 


Maximum Lengtis a 


Lay, in. 
Nomi- | Nomi-| For Ordinary 
Size nal | nal | Flexing Service |For Severe 
A.w.g. | Diam- | Acca, 
eter, in./cir. mils’ Service 
With rs 
With | With or 
Sepa- Without 
a rator | Separator 
0.167 | 20820 3.00 | 3.00 3.00 
0.149 | 16510 | 2.75 2.75 2.75 
0.133 | 13 090 2.50 2.50 2.50 
0.118 | 10380 | 2.25 | 2.25 2.25 
0.093 6 530 1.75 2.0 1.6 
0.074 | 4107 | 1.50 | 2.0 | 1.375 
0.059 2583 | 1.375 2.0 | 1.00 
0.047 1624 | 1.25 2.0 0.8 
0.037 | 1022 | 1.00 | 2.0 | 


Section 6.—Letter the present para- 
graph as (a) and add a new Paragraph (6) 
to read as follows: ‘‘(b) If a separator is 
required to be furnished with the con- 
ductor, it shall be specified by the pur- 
chaser as to requirements for the kind 
and thickness of material and its applica- 
tion details.” 

Table III.—In the column headings 
change “‘Nominal Number of Wires” to 
read ‘‘Minimum Number of Wires.” 

Add to the table caption reference 
letter ‘a’? and add the following refer- 
ence note beneath the table: 


@ This table shows a variety of strand con- 
structions useful and generally adequate to 
meet the needs encountered. It is not intended 
that the constructions listed in this table be 
exclusive of other constructions that may appear 
desirable in certain applications employing the 
same number of wires. The constructions shown 
in this table provide for a finished, noncovered, 
stranded conductor approximately of the area 
indicated. When specified by the purchaser, 
usually to provide additional area to compen- 
sate for draw-down during subsequent process- 
ing, the number or size of wires composing the 
noncovered conductor may be increased as 
required. 


Section 7 (a).—Make the same change 
in this section as recommended above in 
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Section 7 (a) of Specifications B 172. 

Section 10.—Make the same change in 
this section as recommended above in 
Section 10 of Specifications B 172, except 
that in Section 10 (0) the first sentence 
shall read .as follows: “‘The cross-sec- 
tional area of a conductor designated as 
an A.w.g. size shall be not less than 98 
per cent of the area indicated in Column 
1 of Table III.” 


Tentative Specifications for Lead-Coated 
and Lead-Alloy-Coated Soft Copper 
Wire for Electrical Purposes (B 189 - 
44T)? 


Section 6.—Add a new Paragraph (a) 
to read as follows and letter the present 
paragraph as (0): “6. (a) The continuity 
of coating on the wire shall be deter- 
mined on representative samples taken 
before stranding or insulating.” 


The recommendations in this report 
have been submitted to letter ballot of 
the committee which consists of 48 mem- 
bers, with the result shown in Table V. 


TABLE V.- ANAL YSIS OF LETTER BALLOT VOTE, 


ir- | Nega- |] lar 
Items mative| tive “Not 
Voting” 
I. REVISION OF STANDARDS, 
IMMEDIATE ADOPTION 
Spec. for Tinned Soft or An- 
nealed Copper Wire for Elec- 
trical Purposes (B 33 — 39)....| 43 0 2 


Spec. for Soft or Annealed Cop- 
per Wire (B 3-41).......... 34 0 8 
Spec. for Soft Rectangular and 
Square Copper Wire for Elec- 
trical tors (B 48-42)..| 34 0 11 


II. Revision oF TENTATIVES 


Spec. for Rope-Lay-Stranded 
Copper Conductors Having 
Bunch-Stranded Members, for 
Electrical Conductors (B’ 172_- 
42 T). 

Spec. for Rope-Lay- Stranded 
Copper Conductors Having 
Concentric-Stranded Mem- 
bers, for Electrical Conductors | 
(B 173 - 42 T).. 36 2 8 

Spec. for Bunch- Stranded Cop- 
per Conductors for Electrical 
Conductors (B 174 - 42 T)... 37 1 8 

Spec. for Lead-Coated and Lead- 
Alloy-Coated Soft Copper 
Wire for Electrical Purposes 
(B 189 - 44 T) 
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FUTURE WORK OF THE COMMITTEE 


Information is to be collected and 
study made with respect to suitable 
equipment for making bending tests on 
flat wire made in accordance with Stand- 
ard Specifications for Soft Rectangular 
and Square Copper Wire for Electrical 
Conductors (B 48 — 42). 

A subject group has been appointed to 
study a discrepancy in Table II, Note 
“a” of the Standard Specifications for 
Concentric-Lay-Stranded Copper Con- 
ductors, Hard, Medium-Hard, or Soft 
(B 8-44) in regard to stranding. 

The committee has in preparation a 
revision of the Tentative Method of Test 
for Resistivity of Copper and Copper- 
Alloy Electrical Conductors (B 193 - 
44T) involving a number of changes 
concerned largely with the nomenclature 
used in connection with this method but 
do not affect the substance of the test.’ 


Recommendations have been made to 
the Society by this committee in regard 
to changing the scope of the committee 
to include noncovered electrical conduc- 
tors of materials other than copper, such 
as aluminum, magnesium, steel, and 
Copperweld. This change in scope, if 
authorized, will increase the work of the 
committee, will require augmentation of 
the membership, and will justify a fuller 
organization into subcommittees than 
has in the past seemed advisable. 

This report has been submitted to let- 
ter ballot of the committee, which con- 
sists of 48 members; 40 members re- 
turned their ballots of whom 39 have 
voted affirmatively, and 0 negatively. 

Respectfully submitted on behalf of 
the committee, 

J. H. Foote, 
Chairman. 
E. H. KENDALL, 
Acting Secretary. 


EDITORIAL NOTE 


As indicated in the Summary of Proceedings, p. 3, a number of recom- 
mendations affecting tentatives referred to in the report were submitted 
by Committee B-1 and accepted by the Administrative Committee on Stand- 
ards on June 27, 1945. The revised tentatives appear in the 1945 Supple- 
ment to Book of A.S.T.M. Standards, Part I. 

Subsequent to the Annual Meeting, Committee B-1 presented to the Society 
through the Standards Committee the following recommendations: 

Additional Revisions in Tentative Specifications for: 


Copper Conductors Having Bunch-Stranded Members, for Electrical Conductors 

(B 172-45 T), 

Rope-Lay-Stranded Copper Conductors Having Concentric-Stranded Members for Electrical Con- 
ductors (B 173-45 T), and 

Bunch-Stranded Copper Conductors for Electrical Conductors (B 174 — 45 T). 

These recommendations were accepted by the Standards Committee on 
October 23, 1945 and the latest revised tentatives appear in the 1945 Supple- 
ment to Book of A.S.T.M. Standards, Part I, under the designations indi- 
cated above. 


On January 14, 1946 the Administrative Committee on Standards accepted 
the recommendation presented by Committee B-1 for revision of the Tenta- 
tive Method of Test for Resistivity of Copper and Copper-Alloy Electrical 
Conductors (B 193-44T). The method in its revised form appears in the 
1945 Supplement to Book of A.S.T.M. Standards, Part I. 


= 


| 
72. 
e in 
in 
ept 
nce 
sec- 
l as 
98 
mn 
| 
39 - 
(a) 
sent 
lity 
ter- 
ken 
ort 
t of 
em- 
eV. 
OTE 
irked 
Not 3 
ting” 
. 


REPORT OF COMMITTEE B-2 


ON 


-NON-FERROUS METALS AND ALLOYS* 


Committee B-2 on Non-Ferrous 
Metals and Alloys held one meeting, on 
June 29, 1944, in New York, N. Y., 
during the 1944 Annual Meeting of the 
Society. 

Subsequent to the Annual Meeting 
Committee B-2 presented to the Society 
through Committee E-10 on Standards 
proposed revisions in the Tentative 
Specifications for Oxygen-Free Elec- 
trolytic Copper Wire Bars, Billets, and 
Cakes (B 170-43 T). This recommen- 
dation was accepted! by the Stand- 
ards Committee on September 21, 1944, 
and the revised tentative specifications 
appear in the 1944 Book of A.S.T.M. 
Standards, Part I, under the designa- 
tion B 170 — 44 T. 

On October 24, 1944, the Standards 
Committee accepted revisions in Emer- 
gency Alternate Provisions EA-B 23a 
applying to the Standard Specifications 
for White Metal Bearing Alloys (Known 
Commercially as “Babbitt Metal”) (B 
23-26) and in Emergency Alternate 
Provisions EA —- B 32a applying to the 
Tentative Specifications for Soft Solder 
Metal (B 32-407), as recommended 
by Committee B-2. The revised emer- 
gency alternate provisions appear in the 
1944 Book of A.S.T.M. Standards, Part 
I, under the designations EA — B 23b 
and EA — B 32b, respectively. 

The Advisory Committee held a meet- 

* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 

1In submitting this recommendation to Committee 
E-10 on Standards, Committee B-2 reported results of the 
letter ballot vote as follows: Of a total membership of 134, 


77 members returned their ballots, of whom 60 voted affir- 
matively, 0 negatively, and 17 members marked their 


ballots “not voting.” 


ing in New York, N. Y., on December 
11, 1944. Changes in membership were 
approved, the business before the sub- 
committees discussed, and by unani- 
mous vote, jurisdiction over the Stand- 
ard Specifications for Phosphor Copper 
(B 52 — 43)? and for Silicon Copper (B 
53-43)? was transferred to Commit- 
tee B-5 on Copper and Copper Alloys, 
Cast and Wrought. It was also unani- 
mously voted that the Standard Speci- 
fications for Phosphor Tin (B 51 - 42)? 
be withdrawn since they cover a mate- 
rial no longer in general commercial use. 
In transferring jurisdiction of these 
three standards to Committee B-5, 
attention was called to this recom- 
mendation regarding Specifications B 51, 
and action is accordingly being taken 
by Committee B-5 on the withdrawal 
of the specifications for phosphor tin. 

A suggestion had been made at the 
June meeting of the committee that 
tentative specifications for refined tin, 
antimony, and bismuth be prepared. 
The Advisory Committee unanimously 
agreed that at this time there is no ap- 
parent need for specifications for these 
metals. 

Concerning the work of the commit- 
tee, the Advisory Committee discussed 
possible organizational changes and de- 
cided, for the present and under the 
conditions caused by the war, to take 
no action. 

The committee records with sorrow 
the death of Thomas A. Wright. Mr. 
Wright’s death was as untimely as it was 

2 1944 Book of A.S.T.M. Standards, Part I. 
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shocking. The committee had looked 
upon him as one of the juniors of this 
group of men. He had never spared his 
time nor energy in helping solve the 
problems the committee had to consider, 
so we had come to look upon his resources 
as inexhaustible. His priceless and 
unique contributions to these delibera- 
tions always were conditioned by his 
absolute intellectual honesty, his insist- 
ence that the spoken or printed word or 
figure mean exactly what it said, and 
that it should have the best possible basis 
in experimental fact. Beyond all this 
was his friendliness; each of us will feel 
the loss of that companionship with in- 
creasing frequency, and we therefore beg 
to offer the sympathy that is in our 
hearts. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Refined Copper (J. L. 
Christie, chairman) prepared the re- 
visions on Tentative Specifications B 
170 mentioned above as well as editorial 
changes in the Standard Specifications 
for Fire-Refined Copper Other than 
Lake (B 72 — 33)? which have since been 
incorporated in the specifications. 

The subcommittee met in New York, 
N. Y., on March 6, 1945, discussed the 
Emergency Specifications for Fire-Re- 
fined Copper for Wrought Products and 
Alloys (ES — 7),? and appointed a com- 
mittee to draw up proposed tentative 
specifications for this type of fire- 
refined copper. 

A list of commercially available cop- 
pers containing small amounts of added 
elements is being considered for presenta- 
tion to the Society. 

Subcommittee II on Refined Lead, Tin, 
Antimony, and Bismuth (T. A. Wright, 
chairman) presented to the Advisory 
Committee a suggestion that had been 
received that specifications for refined 
tin, antimony, and bismuth be prepared. 
As mentioned earlier in this report, the 
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Advisory Committee decided that there 
is no apparent need for such specifica- 
tions. 

Subcommitice III on White Metal 
Alloys (G. H. Clamer, chairman) recom- 
mended the following editorial changes 
which, as mentioned in the 1944 Report, 
have since been incorporated in the Ten- 
tative Specifications for Soft Solder 
Metal (B 32 - 40 T)? 

Section 1 (b) and A ppendix.—Change 
the word “density” to read “specific 
gravity,” and add the following three 
compositions to the Table of Properties 
of Soft Solder Metal: 


Nominal Composition, per cent 


Tin Lead Antimony 
35 65 
35 63 2 
15 84.5 0.5 


This subcommittee is responsible also 
for the revisions in Emergency Alternate 
Provisions EA — B 23a and EA -B 32a 
applying to the Standard Specifications 
for White Metal Bearing Alloys (Known 
Commercially as “Babbit Metal”) (B 
23 — 26) and the Tentative Specifications 
for Soft Solder Metal (B32-40T), 
respectively, which as mentioned earlier 
in this report were accepted by the 
Society on October 24, 1944. 

Subcommittee IV on Refined Zinc and 
Wrought Zinc (E. H. Bunce, chairman) 
held a meeting on June 29, 1944, in 
New York, N. Y., to consider the re- 
quest of Committee B-6 on Die-Cast 
Metals and Alloys that the impurity 
limits in the Standard Specifications 
for Slab Zinc (Spelter) (B 6-37)? be 
lowered so that there would be a spread 
between the requirements for slab zinc 
and the requirements for zinc-alloy die 
castings. 

At this meeting it was proposed to 
change the requirements for lead and 
cadmium to 0.006 and 0.004 max., per 
cent, respectively, and to add a footnote 
to read as follows: ‘“‘Analysis shall not 


regularly be made for tin but when used 
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for die castings, if found by the pur- 
chaser, tin shall not exceed 0.003 per 

cent. Greater amounts may constitute 
cause for rejection.” 

In the light of the negative viewpoint 
subsequently expressed by some mem- 
bers of the subcommittee on this recom- 
mendation, the chairman of Committee 
B-2 has recommitted the matter to 
Subcommittee IV with the recommenda- 
tion that a meeting be held with repre- 
sentatives from Committee B-6 in an 

_ effort to agree upon requirements ac- 
ceptable to all parties. 

Subcommittee VII on Refined Nickel 

j and High-Nickel Alloys, Cast and 
Wrought (O. B. J. Fraser, chairman) is 

d giving preliminary consideration to the 

_ development of specifications for wire 

_ products in high-nickel alloys. 

The chairman, with his own staff, 
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has been giving consideration to any 
necessary revisions in the tentative 
specifications under the jurisdiction of 
the subcommittee. When the work has 
progressed sufficiently, recommendations 
will be submitted to the subcommittee, 


This report has been submitted to 
letter ballot of the committee which 
consists of 115 members; 76 members 
returned their ballots, of whom 73 have 
voted afirmatively, and 0 negatively, 


Respectfully submitted on behalf of 
the committee, 


E. E. 


G. Howarp LEFEVRE, 
Secretary. 
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Committee B-3 on Corrosion of Non- 
Ferrous Metals and Alloys held a meet- 
ing in New York, N. Y., on June 28, 
1944. A meeting of the Advisory Com- 
mittee was held in New York, N. Y., on 
March 22, 1945, in place of the regular 
meeting of the committee, which was 
canceled when the Spring Group Com- 
mittee Meetings of the Society were 
canceled. 

The resignation of Vice-chairman R. 
W. Waring, due to change in employ- 
ment, was accepted with regret at the 
March meeting of the Advisory Commit- 
tee. The Advisory Committee elected 
C. H. Sample of the Bell Telephone 
Laboratories to serve as vice-chairman 
for the remainder of the term. 

The committee consists of 98 members, 
of whom 73 are voting members; 35 are 
classed as producers, 27 as consumers, 
and 11 as general interest members. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Total Immersion 
(A. W. Tracy, chairman).—This sub- 
committee is studying the Recommended 
Practice for Plant Corrosion Tests 
(A 224 — 41) in order to propose changes 
making it applicable to the testing of 
non-ferrous metals and alloys. Another 
project planned by the subcommittee is a 
series of cooperative tests among several 
laboratories to determine if reasonably re- 
— results can be obtained using 

the ie Tentativ e Method of Total Immersion 


“© at Eighth Annual Meeting of the 
society June 2, 1945 
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Corrosion Test of Non-Ferrous Metals 
(B 185 43 T). In accordance with 
action taken at the meeting of the Ad- 
visory Committee, it is recommended 
that Tentative Method B 185 be con- 
tinued as tentative without revision. 

Subcommittee II on Alternate Immer- 
sion Test (H. L. Burghoff, chairman).— 
The Tentative Method of Alternate Im- 
mersion Corrosion Test of Non-Ferrous 
Metals (B 192 — 44 T) has been pub- 
lished in the 1944 Book of A.S.T.M. 
Standards, Part I. The subcommittee 
will welcome comments or suggestions 
for revision of this tentative method. 

Subcommittee ITI on Spray Test (C. E. 
Heussner, chairman).—The revised Ten- 
tative Method of Salt Spray (Fog) 
Testing (B117-—44T) completed last 
year by this subcommittee is also pub- 
lished in the 1944 Book of A.S.T.M. 
Standards, Part I. 

A subgroup cooperating with Commit- 
tee B-8 on Electrodeposited Metallic 
Coatings has been formed to study the 
important factors of salt spray tests. 
Members of this group are: K. Gustav 
Soderberg, chairman; V. M. Darsey; L. 
J. Waldron (special adviser member); 
C. H. Sample; N. E. Promisel (special 
adviser member); Charles Davidoff 
(representing Committee B-8); C. J. 
Walton (representing E. H. Dix, Jr.); 
and D. M. Overcash. 

This group met on February 8, 1945, 
n Washington, D. C., and a tentative 
program for study of the effect of settling 
of fog on the rate of corrosion of selected 
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materials was reviewed and accepted. 
This program of tests will proceed as 
rapidly as possible. 

Subcommittee V on Statistical Analysis 
and Planning of Corrosion Testing (W. E. 
Campbell, chairman).—This subcommit- 
tee has been inactive, but the chairman 
has aided Subcommittee VI on Atmos- 
pheric Corrosion in connection with sta- 
tistical calculations on the ten-year tests. 
A tentative project before the subcom- 
mittee is the preparation of suggested 
methods for planning corrosion tests, so 
that resultant data could be treated sta- 
tistically. 

Subcommittee VI on Atmospheric Cor- 
rosion (W. H. Finkeldey, chairman).— 
The atmospheric exposure tests on 24 
non-ferrous metals and alloys are being 
continued in accordance with the general 
test program of the subcommittee. A 
final and complete report of the results 
of tests made on samples removed from 
the racks in 1943, has been prepared and 
appears in corrected form in the 1944 
Proceedings of the Society. 

The subcommittee has given consider- 
ation to further atmospheric exposure 
tests on non-ferrous metals and alloys 
developed since the test program was 
started, principally aluminum and mag- 
nesium alloys. 

Subcommittee VII on Weather (F. L. 
LaQue, chairman).—No investigation 
of weather factors will be started until 
after the war. In line with a suggestion 
made at a meeting of the Advisory 
Committee on Corrosion, representatives 
from Committee A-10 on Iron-Chro- 
mium, Iron-Chromium-Nickel and Re- 
lated Alloys have been appointed to 
serve on this subcommittee. 

Subcommittee VIII on Galvanic and 
Electrolytic Corrosion (L. J. Gorman, 
chairman).—The joint working commit- 
tee on galvanic corrosion of magnesium 
alloys, comprised of representatives of 
this subcommittee and of Subcommit- 
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tee IV of Committee B-7 on Light 
Metals and Alloys, has about completed 
its plans for galvanic corrosion tests on 
atmospheric exposure of two magnesium 
alloys, namely, type AZ31X (old ASS. 
T.M. designation No. 18X) and type 
M1 (old A.S.T.M. designation No. 11), 
These alloys are to be tested in combina 
tion with the following metals and alloys: 


Mild steel (0.05 to 0.08 Cu), : | 
70-30 Brass, 4 Hard, 
24ST Aluminum alloy, 
75ST Aluminum alloy, a 
52S or 56S Aluminum alloy, 


2S Aluminum alloy, 4 
Stainless steel, type 304, 
Monel metal, 
Nickel, 
Cadmium-plated steel (0.0005 in. coating), 
and 


Zinc-plated steel (0.0005 in. coating). 


The magnesium alloy AZ31X will be 
tested with the complete list of other 
metals, while the type M1 alloy will be 
tested with a limited number of the other 
metals, as follows: 


70-30 Brass, 

52S or 56S Aluminum alloy, 
2S Aluminum alloy, and 
Zinc. 


The test couples will be placed on 
atmospheric exposure at the following 
test locations: 


1. A.S.T.M. test rack at 463 West St., New 
York, N. Y., 

2. A.S.T.M. test rack at State College, Pa., 

3. International Nickel Co. Test Rack, Kure 
Beach, N. C., and 

4. A humid tropical location to be selected 
remote from sea coast influence. 


Three types of galvanic couples have 
been selected for the test as follows: 


1. The disk-type couple similar to that used 
for the stainless steel tests now on exposure, 

2. A spool-type couple which consists of wire 
of one test material wound on a threaded spool 
of another test material. This couple is similar 
to the type used by the Bell Telephone Labora- 


tories, and 


3. A 
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3. A plate-type couple which consists of a 
plate of the magnesium alloy across which are 
bolted strips of the various other metals. These 
plates are so designed that standard A.S.T.M. 
tension test specimens can be cut from the plate 
at the end of the test. 


In the first two types of couple the 
amount of corrosion will be evaluated by 
inspection and by the loss of weight in the 
test specimen. In the plate-type couple 
it is proposed to obtain quantitative in- 
formation on the amount of corrosion 
through the measurement of tensile 
strength. 

The test program as a whole is now 
sufficiently advanced so that the working 
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committee can proceed with the procure- 
ment of the required test specimens and 
the assembly of the couples. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 73 voting members; 68 members 
returned their ballots of whom 67 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
H. S. Rawpon, 
Chairman. 
A. W. Tracy, 
Secretary. 
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_ Committee B-4 on Electrical-Heating, 

Electrical-Resistance, and _ Electric- 
Furnace Alloys held three meetings 
during the year in New York, N. Y., on 
June 27, 1944, October 5, 1944, and 
February 8 and 9, 1945. 

The committee consists of 58 members, 
of whom 28 are classified as producers, 
23 as consumers, and 7 as general interest 
members. 

The first annual supplement to the 
Bibliography and Abstracts on Electrical 
Contacts, prepared by Subcommittee X 
on Contact Materials, has been pub- 
lished in 1945. It consists of 32 pages 
on electrical contacts and circuit inter- 
ruption, and contact materials, contain- 
ing 153 references, 84 new and revised 
references prior to 1943, and 69 new 
references to articles in 1943-1945. The 
book published in 1944 has been found 
to be a very useful reference and a large 
number of copies has been sold. 


I. REVISIONS OF STANDARDS, 
IMMEDIATE ADOPTION 


The committee recommends for imme- 
diate adoption revisions in the Standard 
Method of Test for Temperature-Re- 
sistance Constants of Alloy Wires for 
Precision Resistors (B 84—36) and in 
the Standard Method of Test for Tem- 


perature-Resistance Constants of Sheet 


Materials for Shunts and Precision 
Resistors (B 114-39) comprising the 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 
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addition of the following paragraph to 
Section 7 of B 84 and to Section 6 of 
B 114: 


In an automatically controlled bath, the tem- 
perature of the bath at any time during the test 
at any temperature level shall not differ from 
its mean temperature by more than 0.2C. In 
a manually controlled bath, the rate of change 
of temperature shall not exceed 0.2 C. per min. 


These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 58 members; on 
B 84, 40 members returned their ballots, 
of whom 32 have voted affirmatively, 
0 negatively, and 8 members marked 
their ballots “not voting’; on B 114, 40 
members returned their ballots, of whom 
31 have voted affirmatively, 0 negatively, 
and 9 members marked their ballots 
“not voting.” 


II. EprrorrAL CHANGES IN STANDARDS 


The committee also recommends edi- 
torial changes in two standard methods 
as follows: 

In the Standard Method of Test for 
Change of Resistance with Temperature 
of Metallic Materials for Electrical Heat- 
ing (B 70-39) make the following change 
in Section 5 (6): In the third line sub- 
stitute “power lost in” for “energy 
liberated.”’ Also in the last sentence re- 
place “energy” by “power” and under 
the formula add “W = power loss in 
watts.” 

In the Standard Method of Test for 
Thermoelectric Power of Electrical-Re- 
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sistance Alloys (B 77 - 33) change Sec- 
tions 6 (a), (6), and (c) to read as follows: 

6. (a) The method in which a potentiometer 
js used to compare the unknown emf. with that 
of a standard cell. 

(b) The method in which the unknown emf. 
is equated to the difference of potential between 
the terminals of a standard resistor when a 
measured current flows through it. 

(c) The method in which the emf. is measured 
by the deflection of a suitable measuring instru- 
ment. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Elecirical Tests 
(P. H. Dike, chairman).—The subcom- 
mittee is reviewing the A.S.T.M. meth- 
ods of making electrical testson electrical- 
resistance and electrical-heating alloys, 
prepared by the committee and issued 
some years ago, in order to make any 
necessary changes to bring them up 
to date. 

_ Subcommittee V on Wrought and Cast 
Alloys for High-Temperature Use (J. W. 
Harsch, chairman).—In 1944 Tentative 
Specifications for Chromium-Nickel-Iron 
Alloy Castings (25-12 Class) for High- 
Temperature Service (B 190 — 44 T), pre- 
pared by the subcommittee, were issued 
under the joint sponsorship of Com- 
mittee B-4 and Committee A-10 on Iron- 
Chromium, Iron-Chromium-Nickel and 
Related Alloys. An appendix listing the 
more important technical papers on creep 
at elevated temperatures is being pre- 
pared. Further work is being done to 


explore the relationship of magnetic 


permeability to creep for this alloy. 

Specifications for Chromium-Nickel- 
Iron Alloy Castings (35 per cent Nickel, 
15 per cent Chromium, Balance Iron) for 
High-Temperature Service are in course 
of preparation. 

Subcommittee VII on Thermostat Met- 
als (P. H. Brace, chairman).—The sub- 
committee is working on the development 
of drawings for suitable testing equip- 
ment to be used in the Tentative Method 
of Test for Equivalent Yield Stress of 


Thermostat Metals at Elevated Temper- 
atures (B 191-447). The helix type 
of specimen has been selected as the -_ 
most suitable for this application. This — 

method of test is under consideration also ; 

to determine the elastic properties of | 
spring materials at elevated temper-— 
atures. 

Subcommittee VIII on Metallic Ma- 
terials for Radio Tubes and Incandescent 
Lamps (S. A. Standing, chairman).—A 
number of methods for the determination _ 
of particle size has been studied by com- 
parative tests in four laboratories on 
samples of several materials. The tests 
have been made and the results are being 
analyzed to determine the best pro- 
cedure. 

Further work has been done investi- 
gating methods of examining tungsten 
wire for cracks or other defects which 
would interfere with the sealing of tubes 
in which it is used. Several methods are — 
under consideration.! 

On account of the difficulty of ac- — 
curately measuring the diameter of fine 
wires, a new method has been prepared 
in which a 200-mm. length of wire is 
weighed and the diameter calculated. It _ 
is intended to apply to wires of 0.002 in. | 
in diameter or less. A draft of <a 
method has been submitted to the sub- 
committee for review.' 

A method for determining the strength 
of welds in wires used for leads is under 
consideration.' 

At: the request of the radio tube in- 
dustry, the subcommittee is making a 
study of the emissivity of nickel cathodes 
to determine the effect of impurities and 
structure, and to develop the necessary 
methods of test for the control of this 
material. Authorization has been re- 
ceived for the committee to undertake 
the work, including chemical analysis 
and spectrographic analysis, with the aid 
of liaison representatives from Com- | 


1 See Editorial Note, p. 110. 
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mittee E-2 on Spectrographic Analysis 
and Committee E-3 on Chemical Analy- 
sis of Metals. Four sections have been 
formed—Metallurgical, Chemical, Pres- 
entation of Data on Production Tests, 
and Standardization of the Diode Test. 

Subcommittee 1X on Methods of Test 
for Alloys in Controlled Atmospheres (P. 
H. Brace, chairman).—No further work 
has been done during the year. Tests to 
determine the effect of sulfur will be 
resumed as soon as the War Program 
will permit. 

Subcommittee X on Contact Materials 
(Ff. E. Carter, chairman).—The testing 
machine described in the Tentative 
Method for Life Test of Electrical Con- 
tact Materials (B 182-43 T) has been 
studied during the year and numerous 
tests made. Minor adjustments have 
been made in the device for operating the 
contacts, so as to provide consistent re- 
sults, especially as regards the number of 
welds per 100,000 cycles. The same 
changes will be made in all of the ma- 
chines which have been built. Then 
further tests will be made and other 
materials will be tested. 

A study is being made of various 
properties of contact materials which 
may affect the load-carrying capacity of 
contacts. Thus far this has been limited 
to hardness tests, using the Rockwell, 
Rockwell Superficial, and Vickers ma- 


chines. A proposed tentative method is 
being prepared. 

During the year, agreement has been 
reached on standard dimensions for pro- 
jection welding contacts and the di- 
mensions and tolerances were published 
in the ASTM Buttetin.2. These were 
prepared in Section C on Standardization 
of Contact Forms and Sizes (A. B. 
Gibson, chairman) composed of repre- 
sentatives from the principal manu- 
facturers and users of electrical contacts 
in cooperation with the National Elec- 
trical Manufacturers Assn. This follows 
the standardization of contact rivets in 
1942. Work is under way on standard 
dimensions for contact screws and studs. 

As mentioned earlier in this report, 
this subcommittee prepared the 1945 
supplement to the Bibliography on Elec- 
trical Contacts which has just been 
completed. 


This report has been submitted to let- 
ter ballot of the committee which con- 
sists of 58 members; 40 members re- 
turned their ballots, all of whom voted 
affirmatively. 

Respectfully submitted on behalf of 
the committee, 

DEAN HARVEY, 


Chairman. 


2 ASTM BuLtetin, No. 131, December, 1944, p. 37. 


F. E. Basu, 
Secretary. 


' EDITORIAL NOTE 
_ Subsequent to the Annual Meeting, Committee B-4 presented to the Ad- 


ministrative Committee on Standards the following recommendations: 


New Tentative Method for: 


Determination of Wire Diameter by Weighing (B 205 - 45 T), 


Testing the Strength of Welded Joints of Lead Wires for Electronic Devices and Lamps (B 203 - 45 7. 


an 
Testing Surface Flaws in Tungsten Seal Rod and Wire (B 204 - 45 T), 


Revision of Tentative Method for: 


Testing the Density of Fine Wire and Ribbon for Electronic Devices (B 180 - 43 T), 
Testing Wire for Supports Used in Electronic Devices and Lamps (B 157 - 41 T), and 
Testing Temper of Strip and Sheet Metals for Electronic Devices (B 155 - 41 T). 


Revision of Tentative Specifications for: 


Round Nickel Wire for non and Electronic Devices (B 175 - 42 T), and 
Chromium-Nickel-Iron Alloy Castings (25-12 Class) for High-Temperature Service (B 190 - 44 T). 


These recommendations were accepted by the Standards Committee on 


January 16, 1946, and the new and revised tentatives appear in the 1945 
Supplement to Book of A.S.T.M. Standards, Part 1. 
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Committee B-5 on Copper and Copper 
Alloys, Cast and Wrought, held one 
meeting during the year in New York, 
N. Y., on March 14, 1945. At this time, 
the Advisory Committee and Sub- 
committees A-1, A-2, A-3, A-4, B-1, and 
C-1 also met. 

During the year 20 members were 
added to the committee and there were 
17 removals. 

C. H. Davis, secretary of the commit- 
tee from 1937 to 1944, died on May 22, 
1945. The committee will feel greatly 
the loss of his valued contributions to its 
activities. 

At the present time, the committee 
consists of 120 members, of whom 105 
are voting members; 47 are classified 
as producers, 45 as consumers, and 13 
as general interest members. 


RECOMMENDATIONS ACCEPTED BY 
COMMITTEE E-10 ON STANDARDS 


Subsequent to the 1944 Annual Meet- 
ing, Committee B-5 presented to the 
Society, through Committee E-10 on 
Standards, the following recommenda- 
tions: 

Revised Emergency Alternate Provisions in S peci- 
fications for: 

Bronze Castings for Turntables and Movable 
Bridges and for Bearing and Expansion 
Plates of Fixed Bridges (EA — B 22b), 

Composition Brass or Ounce Metal Castings 
(EA - B 62b), 

Tin-Bronze and Leaded Tin-Bronze Sand Cast- 
ings (EA - B 143b), 

High-Leaded Tin-Bronze Sand Castings (EA 
- B 144b), 

Leaded Red Brass and Leaded Semi-Red Brass 
Sand Castings (EA — B 145b), and 


_ Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 
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Leaded Yellow Brass Sand Castings for General 
Purposes (EA — B 146b). 


Withdrawal of Emergency Alternate Provisions in — 
Specifications for: 

Castings of the Alloy: Copper 88 per cent, Tin _ 
8 per cent, Zinc 4 per cent (EA — B 60a), 

Rolled Copper-Alloy Bearing and Expansion — 
Plates for Bridge and Other Structural Uses 
(EA — B 100), 

Phosphor Bronze Sheet and Strip (EA — B 103), 

Cartridge Brass Sheet, Strip, and Disk (EA - 
B 19), 

Copper-Base Alloys in Ingot Form for Sand 
Castings (EA - B 30), 

Brass Sheet and Strip (EA - B 36), 

Leaded Brass Sheet and Strip (EA - B 121), 

Copper-Base Alloy Forging Rods, Bars, and 
Shapes (EA — B 124), 

Cartridge Brass Cartridge Case Cups (EA - B 
129), 

Gilding Metal Sheet and Strip (EA — B 130), 

Gilding Metal Bullet Jacket Cups (EA — B 131) 

Copper Rods, Bars, and Shapes (EA — B 133), 

Brass Wire (EA — B 134), 

Phosphor Bronze Rods, Bars, and Shapes (EA 
- B 139), 

Copper-Nickel-Zinc Alloy Rod and Wire (EA — 

- B 151), 

Copper Sheet, Strip, and Plate (EA — B 152), 

Phosphor Bronze Wire (EA — B 159), and 

Aluminum Bronze Sheet and Strip (EA-B 
169). 


These recommendations were accepted 
by Committee E-10 on August 28, 1944, 
and the revised emergency provisions — 
appear in ASTM But tetin, No. 130, 
October, 1944, pp. 10 and 11, and in the | 
1944 Book of A.S.T.M. Standards, 
Part I. 

On November 22, 1944, the Stand- 
ards Committee accepted the following 
recommendations of Committee B-5: 


Revision of Tentative Specifications for: 


Cartridge Brass Sheet, Strip, and Disks (B 19 , 


447), 


| 
l 
| 
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Brass Sheet and Strip (B 36 - 44 T), 

Leaded Brass Sheet and Strip (B 121 — 44 T), 

Gilding Metal Sheet and Strip (B 130-447), 

Aluminum Bronze Sheet and Strip (B 169 - 
44 T), 


Copper Sheet, Strip, and Plate (B 152 - 44 T), 

_ Naval Brass Rods, Bars, and Shapes (B 21 - 

427), 

_ Copper Rods, Bars, and Shapes (B 133 - 44 T), 

Brass Wire (B 134-44 T), 

Phosphor Bronze Rods, Bars, and Shapes (B 

Aluminum Bronze Rods, Bars, and Shapes (B 
150 — 44 T), 

Copper-Nickel-Zine Alloy 
151-44 T), 

Phosphor Bronze Wire (B 159 - 44 T), 

Copper Bus Bars, Rods, and Shapes (B 187 - 
44T), and 

_ Copper Bus Pipes and Tubes (B 188 — 44 T), 


Rod and Wire (B 


Tentative Revision of Standard Specifications for: 


Manganese Bronze Rods, Bars, and Shapes (B 
138 — 43), and 

Leaded Red Brass (Hardware Bronze) Rods, 
Bars, and Shapes (B 140 - 43). 


The revised tentative specifications 
and tentative revisions! appear in the 


1944 Book of A.S.T.M. Standards, 
Part I. 
WITHDRAWAL OF EMERGENCY 


ALTERNATE PROVISIONS 


Certain of the revisions being recom- 
mended in the standard and tentative 
specifications include changes now pub- 
lished as emergency alternate provisions. 
For the most part, these include refer- 
ences to the Emergency Specifications 
for Fire-Refined Copper for Wrought 

Products and Alloys (ES - 7). Ina 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee B-5 reported the following 
results of the letter ballot vote from a committee mem- 
bership of 103: B 19, affirmative 30, negative 0, ballots 
marked “‘not voting” 27; B 36, B 121, and B 152, " affirma- 
tive 32, negative 0, ballots marked “not voting” 25; B 130, 
affirmative 31, negative 0, ballots marked ‘“‘not voting” 
26; B 169, affirmative 28, negative 0, ballots marked ‘‘not 
voting” 29; B21, affirmative 32, negative 1, ballots marked 

*‘not voting’”’ 23; B 133 and B 138, affirmative 29, negative 
1, ballots marked ‘ ‘not voting” 26; B 134, affirmative 33, 
negative 0, ballots marked ‘“‘not voting”’ 23; B 139, B 150, 
and B 151, "affirmative 32, negative 1, ballots marked “not 
voting”’ 23; B 159, affirmative 32, negative 0, ballots 
marked “not voting” 24;B 187, affirmative 29, negative 0, 
ballots marked “‘not voting” 27; B 188, affirmative 30, 
negative 0, ballots marked “not voting” 26; B 140, affirma- 
tive 31, negative 1, ballots marked ‘‘not voting” 24. 
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few other cases the emergency provisions 
are no longer necessary. ‘The committee 
accordingly recommends that concur- 
rently with the approval of the recom- 
mendations affecting standards in this 
report, the following emergency alter- 
nate provisions be withdrawn: 


Emergency Alternate Provisions in S pecifications 
for: 

Copper Bars For Locomotive Staybolts (EA - 
B 12), 

Copper And Copper-Alloy Seamless Condenser 


Tubes and Ferrule Stock (EA - B 111), 
Copper-Nickel-Zinc And Copper-Nickel Alloy 


Sheet and Strip (EA — B 122), 
Miscellaneous Brass Tubes (EA — B 135), 
Aluminum-Bronze Sand Castings (EA — B 148a), 

and 
Copper-Alloy Condenser Tube Plates (EA -B 

171). 


CONTINUATION OF EMERGENCY 
ALTERNATE PROVISIONS 


The committee recommends that the 
following emergency alternate provisions 
be continued in their present form: 


Emergency Alternate Provisions in Specifications 
for: 

Free-Cutting Brass Rod for Use 
Machines (EA — B 16), 

Bronze Castings for Turntables and Movable 
Bridges and for Bearing and Expansion Plates 
of Fixed Bridges (EA — B 22b), 

Steam or Valve Bronze Castings (EA — B 61), 

Composition Brass or Ounce Metal Castings 
(EA — B 62b), 

Tin-Bronze and Leaded Tin-Bronze Sand Cast- 
ings (EA — B 143b), 

High-Leaded Tin-Bronze Sand Castings (EA 
— B 144b), 

Leaded Red Brass and Leaded Semi Red Brass 
Sand Castings (EA — B 145b), and 

Leaded Yellow Brass Sand Castings For General 
Purposes (EA — B 146b). 


in Screw 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is submitting five new 
tentative specifications, revisions in 18 
tentative specifications, revisions in 11 
standards for immediate adoption, the 
adoption of six tentatives and two tenta- 
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TABLE I.—ANALYSIS OF LETTER BALLOT 
VOTE. 


Items 


I. New TENTATIVE 
SPECIFICATIONS 


Spec. fe Beryllium Copper Alloy 
Spec. 7 Beryllium Copper Alloy 
Strip, Special Grade.......... 
Spec. for Beryllium Copper Alloy 
Rod and Bar®. 
Spec. for Beryllium Copper Alloy 
Wire 
Spec. for Copper- Silicon and Cop- 
per-Silicon-Zinc Alloy Cast- 


II. Revistons OF TENTATIVE 
SPECIFICATIONS 


for Naval Brass Rods, 
and Shapes (B21- 


pec. 
Bars, 
44 T) 

. for Bronze Castings for 

and Movable 
Bridges and for Bearing and 
Expansion Plates of Fix 
Bridges (B 22 - 44 T). 

Spec. for Copper-Base Alloys i in 
Ingot Form for Sand Castings 
(B 30-44 T).. 

Spec. for Seamless Copper Tubes 


(B75 - 

Spec. for Cop r-Nickel-Zinc 
and Copper-Nickel Alloy 
Sheet and Strip (B 122 - 42 3 

Spec. for Copper 
and Shapes a 133-44 T).... 

Spec. for Miscellaneous 
Tubes (B 135-43 T) 
Spec. for Phosphor Bronze Rods, 
Bars, and Shapes (B 139 - 
44 T) 

Spec. for High-Leaded Tin-) 
Bronze Sand Castings (B 144 - 
44 T) 

Spec. for Leaded Red Brass and 
‘Leaded Semi Red Brass Sand 
Castings (B 145 - 44 T) 

Spec. for Leaded Yellow Brass 
Sand Castings for General 
Purposes (B 146 - 44 T) 

Spec. for Aluminum-Bronze 
Sand Castings (B 148 —- 44 T) 
Spec. for Aluminum Bronze 
Rods, Bars, and Shapes (B 

150 - 44 T) 

Spec. for Copper- -Nickel-Zinc 
Alloy Rod, Bar, and Wire (B 
1- 4T). 
pec. for Copper Sheet, 
Plate (B 152 - 44 

Spec. for Phosphor Bronze Wire 
(B 159 - 44 T) 

Spec. for Copper Bus Bars, Rods, 
and Shapes (B 187 - 44 T).. 
Spec. for Copper Bus Pipes and 
Tubes (B 188 - 44 T).. 


Strip, 


III. Revision oF STANDARDS, 
IMMEDIATE ADOPTION 

Spec. for Copper Bars for Loco- 
motive Staybolts (B 12 — 42) 
Spec. for Free-Cutting Brass 
Rod and Bar for Use in Screw 
Machines (B 16 - 44). 

Spec. for Copper Pipe, Standard 
Sizes (B 42 - 43) 

Spec. for pipe, Standard 
Sizes (B 43 - 42) 


Affirm-| Nega- 
ative tive 
33 1 
34 0 
3M 4 
34 0 
41 0 
43 0 
36 0 
43 0 
38 0 
39 0 
39 0 
42 0 
39 0 
42 0 
42 0 
40 0 
42 0 
38 0 
37 0 
39 0 
39 0 
38 0 
38 1 
30 0 
42 0 
39 0 

0 


Voting” 


TABLE I.—Continued. 


Items 


Spec. for Seamless Copper Tub- 


ing, Bright Annealed (B 68 - 


ods, Bars, and Shapes (B 98 - 


44). 
Spec. for Copper-Silicon ‘Alloy 
ire for General Purposes 
Spec. for Copper and Copper- 
Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 
a for Manganese Bronze 
Rods, and (B 


138 — 4 
Spec. for Leaded Red Brass 
(Hardware Bronze) Rods, 
Bars, and Shapes (B 140 - 
IV. ApopTIon oF TENTATIVES 
AS STANDARD 
Classification of Cast Copper- 
Base Alloys (B 119 - 40 tT) : 
Spec. for Copper-Base Alloy 
Forging Rods, Bars, and 
Shapes (B 124 - 44 T). 
Brass Wire (B 134 - 


Test for Expansion (Pin Leg | of 
Copper anc Copper-Alloy 
Tubing (B 153 - 41 

Method of Mercurous Nitrate 
Test for Copper and ape 
Alloys (B 154 - 41 T) 

Spec. for Copper- Alloy’ Con- 
denser Tube Plates (B 171 - 
42°F)... 


V. ApopTion oF ‘TENTATIVE RE- 
VISIONS OF STANDARDS 

for Manganese Bronze 
Bars, and Shape :(B 

Spec. for Leaded Red Brass 
(Hardware Bronze) Rods, 
Bars, and Shapes (B 140 - 43).. 


VI. WiTHDRAWAL oF STANDARDS 
Spec. for Tin (BS1- 
Spec. for Beryllium- Copper 


Alloy Rods, Bars, Sheet, 
Strip, and Wire (B 120-41 Eh. 


Ballots 
Affirm-| Nega- |Marked 
ative | tive | “Not 
oting’ 
40 0 30 
39 0 31 
38 0 32 
37 0 33 
38 1 31 
41 0 
40 0 30 
46 0 
40 0 
39 0 
40 0 
49 0 
38 0 32 
42 0 
40 0 
48 0 
40 0 30 


tions for Beryllium-Copper Alloy Rod and Bar was as fol- 
lows: Affirmative: 12 producers, 16 consumers, 3 general 
interests; negative: 1 producer, 3 consumers. 


@ The classified vote on the new Tentative Specifica- 7 
tive revisions as standard, and the with- — 
drawal of two specifications. 

ards and tentatives affected are listed in 
Table I and the revisions recommended © 
are given in detail in the Appendix. 

The recommendations in this report 
have been submitted to letter ballot of 
the committee, which consists of 105 
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voting members, with the results shown 
in Table I. 


ACTIVITIES OF THE ADVISORY COMMITTEE 


Subsequent to the Annual Meeting, 
the Advisory Committee held two meet- 
ings primarily for the purpose of re- 
organizing the committee. The 13 old 
subcommittees were entirely reconsti- 
tuted to form a new grouping of 8 sub- 
committees as follows: 


Group A—Wrought Products: 
_ Subcommittee A-1, Plate, Sheet, and St Strip 
Subcommittee A-2, Rods, Bars, and Shapes 
q Subcommittee A-3, Wire ‘and Wire Rod 
Subcommittee A-4, Pipe and Tube 
Group B—Castings, and Ingots for Remelting: 
Subcommittee B-1, Castings, and Ingots for 
Remelting 
Group C—Correlation: 
_ Subcommittee C-1, Methods of Test 
Subcommittee C-2, Tolerances 
Subcommittee C-3, Editorial and Publica- 
tions 


The by-laws of the committee were 
amended, principally to provide for the 
regrouping of the subcommittees and 
for the filing of nonvoting proxies with 
the secretary. The revised by-laws and 
re-organization of the committee and sub- 
committee structure have been approved 
by letter ballot and are published in the 
1944 compilation of “A.S.T.M. Stand- 
ards on Copper and Copper Alloys.” 

Subsequent to publication of the re- 
vised by-laws, the following revisions 
were approved by letter ballot: 

Article II, Section 1.—Change the 
first sentence to read as follows by the 
addition of the italicized words: 

The scope of the committee shall be copper 
ingot for remelting, deoxidizers and hardeners for 
copper alloys, and commercial cast copper and 
wrought copper products directly intended for 
industrial use, including all alloys founded upon 


copper as a base material used in cast or wrought 
form. 


Article VII, Section 5.—Renumber as 


Section 6 ond add a new Section 5 to 
read as follows: 


Sec. 5. Official Committee B-5 representa- 
tives on other standing committees of the So- 
ciety and on outside organizations shall report 
the results of important actions affecting Com- 
mittee B-5. Such reports shall be submitted in 
writing to the secretary of Committee B-5 for 
presentation to the Advisory Committee at its 
next regular meeting for appropriate action. 


On the recommendation of the Ad- 
visory Committee, Committee B-2 on 
Non-Ferrous Metals and Alloys trans- 
ferred to Committee B-5, jurisdiction 
over the Standard Specifications for 
Phosphor Tin (B 51 — 42), the Standard 
Specifications for Phosphor Copper 
(B 52 — 43), and the Standard Specifica- 
tions for Silicon Copper (B 53 - 43). 
These specifications have been assigned 
to Subcommittee B-1. 


ACTIVITIES OF SUBCOMMITTEES 


Following is a report on the activities 
of the several subcommittees during the 
year. The approved recommendations 
of the subcommittees affecting stand- 
ards, are given earlier in this report or in 
the Appendix. 

Subcommittee A-1 on Plate, Sheet, and 
Strip (R. A. Frye, chairman, R. A. 
Lubker, secretary) recommended that 
Emergency Alternate Provisions EA - 
B 122 and EA - B 171 applying to 
the Tentative Specifications for Copper- 
Nickel-Zinc and Copper-Nickel Alloy 
Sheet and Strip (B 122 — 42 T) and for 
Copper-Alloy Condenser Tube Plates 
(B 171 — 42 T), be withdrawn and that 
the provisions be incorporated in the 
respective specifications. It was de- 
cided in revising Tentative Specifica- 
tions B 122 to use the applicable toler- 
ances of the Copper Brass Research 
Association. It was recommended that 


with slight revisions, Tentative Specifi- 
cations B 171 be adopted as standard. 
Recommendations with respect to re- 
vision of the Tentative Specifications for 
Copper Sheet, Strip, and Plate (B 152 
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-44T) appear in the Appendix. The 
subcommittee prepared proposed new 
Tentative Specifications for Beryllium- 
Copper Alloy Strip? to replace a part of 
the Tentative Specifications for Beryl- 
lium-Copper Alloy Rods, Bars, Sheet, 
Strip, and Wire (B 120 - 41 T) as well 
as proposed new Tentative Specifica- 
tions for Beryllium-Copper Alloy Strip, 
Special Grade.” 

A special committee (G. R. Gohn, D. 
Basch, C. H. Davis, H. S. Freynik, T. 
C. Merriman, and G. Williams, Jr.) was 
appointed to study Specifications B 122 
for the purpose of (/) considering the 
introduction of a new alloy, (2) recom- 
mending requirements for such a new 
alloy, and (3) revising the physical re- 
quirements of the specification.* 

Subcommittee A-2 on Rods, Bars, and 
Shapes (H. C. Ashley, chairman) recom- 
mended that Emergency Alternate Pro- 
visions EA — B 12 applying to the Stand- 
ard Specifications for Copper Bars for 
Locomotive Staybolts (B 12-42) be 
withdrawn and that Emergency Alter- 
nate Provisions EA — B 16 applying to 
the Standard Specifications for Free- 
Cutting Brass Rod and Bar for Use in 
Screw Machines (B 16 — 44) be retained. 
It was also recommended that revisions 
be incorporated in the Tentative Speci- 
fications for:* Naval Brass Rods, Bars, 
and Shapes (B 21 — 44 T), Copper Rods, 
Bars, and Shapes (B 133 - 44 T), Phos- 
phor Bronze Rods, Bars, and Shapes 
(B 139 — 44 T), Aluminum Bronze Rods, 
Bars, and Shapes (B 150 - 44 T), Cop- 
per-Nickel-Zinc Alloy Rod, Bar, and 
Wire (B 151-44 T), and Copper Bus 
Bars, Rods, and Shapes (B 187 — 44 T). 
Revisions, for immediate adoption, were 
recommended in the Standard Specifica- 
tions fer: Copper Bars for Locomotive 


* These specifications were accepted as tentative by 
he focety and appear in ." 1945 Supplement to Book of 
AS Standards, P Part I 
Editorial Note, p. 119. 


Staybolts (B 12 — 42), Free-Cutting 
Brass Rod and Bar for Use In Screw 
Machines (B 16-44), Copper-Silicon 
Alloy Rods, Bars, and Shapes (B 98 - 
44), Manganese Bronze Rods, Bars, and 
Shapes (B 138 - 43), and Leaded Red 
Brass (Hardware Bronze) Rods, Bars, 
and Shapes (B 140 - 43). 
tive Specifications for Copper-Base Alloy 


Forging Rods, Bars, and Shapes (B 124 


~ 44 T) were recommended for adoption 
as standard. Among the changes in rod 
and bar specifications, is the incorpora- 
tion of straightness tolerances in nearly 
all cases. The subcommittee also pre- 
pared proposed new Tentative Specifica- 
tions for Beryllium-Copper Alloy Rod 
and Bar? to replace part of the Tentative 
Specifications for Beryllium-Copper 
Alloy Rods, Bars, Sheet, Strip, and Wire 
(B 120-41 T). It is planned to re- 
write Tentative Specifications B 151 —- 
44 T to cover only rods and bars and to 
refer the wire section to Subcommittee 
A-3 on Wire and Wire Rod for prepara- 
tion as separate wire specifications and 
to retain Specifications B 151 — 44 T as 
tentative until the wire specifications are 
accepted.’ 

It was recommended that the Advi- 
sory Committee be requested to estab- 
lish definitions of products, for assign- 
ment of products to specifications and 
subcommittees. It was voted that 
pending action by the Advisory Com- 
mittee, drawn wire, flat wire, and square 
wire tolerances be excluded from the 
specifications under the jurisdiction of 
Subcommittee A-2. It is the consensus 
of the subcommittee that the inclusion 
of tolerances for piston and shafting rod 
should be deferred pending recommenda- 
tions from Subcommittee C-2 on Toler- 
ances. 

A special committee (B. J. Sirois, J. E. 
McGraw, and C. H. Davis) submitted 
a report covering standard edge and 
corner radii for flat wire, strip, and bar 


The Tenta- 
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_ with rolled or drawn edges. The report 
was accepted, with slight revision, for 
application to the Tentative Specifica- 
tions for Copper Rods, Bars, and Shapes 
(B 133 —- 44 T) and for Copper Bus 
Bars, Rods, and Shapes (B 187 — 44 T) 
and members of the subcommittee were 
requested to indicate to what other speci- 
fications the report should apply. 

A special committee, under the chair- 
manship of C. H. Davis, is preparing a 
section on chemical requirements for 
inclusion in the Tentative Specifications 
for Aluminum Bronze Rods, Bars, and 
Shapes (B 150 — 44 T). 

A special committee (G. H. Harnden, 
_ B. J. Sirois, and C. H. Davis) prepared 
an edgewise bending test for incorpora- 
tion in Tentative Specifications B 187. 

A special committee, under the chair- 
- manship of H. V. Schlacks, is to study 
beryllium-copper alloy rod and bar prop- 
erties. 

A special committee (H. V. Schlacks, 
B. J. Sirois, and R. B. Hitchcock) was 
appointed to study methods of measur- 
ing rod and bar straightness. 

Subcommittee A-3 on Wire and Wire 
Rod (B. J. Sirois, chairman) recom- 
mended revisions in the Tentative Speci- 
fications for Phosphor Bronze Wire (B 
159 - 44 T), the immediate adoption of 
revisions in the Standard Specifications 
for Copper-Silicon Alloy Wire for Gen- 
eral Purposes (B 99-42), and with 
slight revision, the adoption as standard 
of the Tentative Specifications for Brass 
Wire (B 134-44 T). It also prepared 
_ proposed new ‘Tentative Specifications 
for Beryllium-Copper Alloy Wire? to re- 
_ place part of the Tentative Specifica- 
tions for Beryllium-Copper Alloy Rods, 
Bars, Sheet, Strip, and Wire (B 120 


-41T). 


The preparation of Specifications for 
Copper-Nickel-Zinc Alloy Wire* to re- 
place part of the Tentative Specifica- 
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tions for Copper-Nickel-Zinc Alloy Rod, 
Bar, and Wire (B 151 — 44 T), has been 
assigned to this subcommittee. 

Subcommittee A-4 on Pipe and Tube 
(Alan Morris, chairman, M. A. Buell, 
secretary) recommended that Emergency 
Alternate Provisions EA-—B 111 and 
EA — B 135 applying to the Standard 
Specifications for Copper and Copper- 
Alloy Seamless Condenser Tubes and 
Ferrule Stock (B 111 — 43) and to the 
Tentative Specifications for Miscellaneous 
Brass Tubes (B 135-43 T) be withdrawn 
and that the provisions be incorporated 
in the respective specifications. Re- 
visions were recommended in the Tenta- 
tive Specifications for: Seamless Copper 
Tubes (B75-—437T), Miscellaneous 
Brass Tubes (B 135 — 43 T), and Copper 
Bus Pipes and Tubes (B 188 — 44 T). 
Revisions for immediate adoption were 
recommended in the Standard Specifica- 
tions for: Copper Pipe, Standard Sizes 
(B 42 — 43), Brass Pipe, Standard Sizes 
(B 43 — 42), Seamless Copper Tubing, 
Bright Annealed (B 68 — 43), Copper 
Water Tube (B 88-41), and Copper 
and Copper-Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 111 — 43). 

It was recommended that Committee 
B-5 call to the attention of the Copper 
and Brass Research Association, the 
difference in the copper content limits 
in alloys 3 and 4 of Tentative Specifica- 
tions B 135, compared to the same 
alloys shown in the CABRA List of 
Standard Alloys. 

Committee B-5 was requested to take 
up with Committee B-2 on Non-Ferrous 
Metals and Alloys the fact that type A 
copper in the Standard Specifications for 
Seamless Copper Tubing, Bright An- 
nealed (B 68-43) and the Tentative 
Specifications for Copper Tubes (B 75 
~ 43 T) could not be purchased to meet 
a maximum of 0.010 per cent phos- 
phorus. 

It was recommended that Committee 
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B-5 take up with A.S.T.M. Headquarters 
the question of whether it is necessary 
to retain Standard Specifications for: 
Seamless Copper Boiler Tubes (B 13 
-41) and Seamless Brass Boiler Tubes 
(B 14 — 18). 

Subcommittee B-1 on Castings, and 
Ingots for Remelting (G. H. Clamer, 
chairman, C. S. Cole, secretary) recom- 
mended that Emergency Alternate Pro- 
visions EA-B 148a be withdrawn and 
that the provisions be incorporated in 
the Tentative Specifications for Alu- 
minum Bronze Sand Castings (B 148 — 
44T). It also recommended that Emer- 
gency Alternate Provisions EA-B 22b, 
EA-B 61, EA-B 62b, EA-B 143b, EA-B 
145b, and EA-B 146b, be retained. 
Revisions were recommended in the 
Tentative Specifications for: Bronze 
Castings for Turntables and Movable 
Bridges and for Bearing and Expansion 
Plates of Fixed Bridges (B 22 - 44 T), 
Copper-Base Alloys In Ingot Form for 
Sand Castings (B 30-44 T), High- 
Leaded Tin-Bronze Sand Castings (B 
144-44 T), Leaded Red Brass and 
Leaded Semi Red Brass Sand Castings 
(B 145-44 T), Leaded Yellow Brass 
Sand Castings for Genera] Purposes (B 
146-447), and Aluminum Bronze 
Sand Castings (B 148-44T). With 
slight revision, the Tentative Classifica- 
tion of Cast Copper-Base Alloys (B 
119- 40 T) was recommended for adop- 
tion as standard. It was recommended 
that the Standard Specifications for 
Phosphor Tin (B 51 — 42) be withdrawn 
since they cover a material no longer 
in general commercial use. 

The proposed specifications for silicon- 
bronze and silicon-brass castings, which 
the subcommittee has had under con- 
sideration for several years, as noted in 
previous reports, have been completed 
and are recommended for publication as 
the Tentative Specifications for Silicon- 
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Bronze and Silicon-Brass Sand Castings 
as appended hereto.” 

Action on the Emergency Alternate 
Provisions relating to test bars is deferred 
pending the availability of data now 
being obtained for the Non-Ferrous 
Ingot Metal Institute at Battelle 
Memorial Institute. Standard Specifi- 
cations for: Phosphor Tin (B 51 - 42), 
Phosphor Copper (B 52 — 43), and Sili- 
con Copper (B 53-43) were assigned 
to the subcommittee, jurisdiction over 
these specifications having been recently 
transferred to Committee B-5 from Com- 
mittee B-2. 

A special committee is to investigate 
alloys 1A to 6C inclusive, (in Specifica- 
tions B 30, B 61, B 62, B 143, B 144, 
B 145, and B 146) with respect to the 
present copper minima and ranges, and 
the effect of nickel additions within the 
maximum nickel permitted under the 
present specification limits. 

A special committee, under the chair- 
manship of J. W. Bolton, is giving con- 
sideration to rewriting the Standard 
Specifications for: Steam or Valve Bronze 
Castings (B 61 - 44) and Composition 


Brass or Ounce Metal Castings (B 62 


— 44) in a form which would be satis- 
factory to the Manufacturers Standardi- 
zation Society of the Valve and Fittings 
Industry, the U. S. Coast Guard, and 
the Boiler Code Committee of the Amer- 
ican Society of Mechanical Engineers. 

A special committee is to study the 
writing of specifications for permanent 
mold and centrifugal castings. 

A special committee, consisting of the 
M.S.S. representatives was appointed 
to review the problem of whether physi- 
cal properties or chemical composition 
shall be of primary importance in cast- 
ing specifications. 

Subcommittee C-1 on Methods of Test. 
(G. R. Gohn, chairman) recommended 
that with slight revision, the Tentative 
Method of Test for Expansion (Pin 
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Test) of Copper and Copper-Alloy 
Tubing (B 153-41T) be adopted as 
standard. With slight revision and sub- 
_ ject to editorial correction in Section 3, 
recommended that the Tentative 
Method of Mercurous Nitrate Test for 
Copper and Copper Alloys (B 154 - 41 
_ 'T) be adopted as standard. 

it was recommended that a standard 
hydrogen embrittlement test be incor- 
_ porated with uniform wording in the 

Standard Specifications for Seamless 
Copper Tubing, Bright Annealed (B 68 
— 43), and in the Tentative Specifications 
for: Seamless Copper Tubes (B 75 - 
43 T), Copper Rods, Bars, and Shapes 
_ (B 133 — 44 T), Copper Sheet, Strip, and 
Plate (B 152 —- 44 T), Copper Bus Bars, 
Rods, and Shapes (B 187 — 44 T), and 
Copper Bus Pipes and Tubes (B 188 - 
44 7). 

It was voted to request Committee 
E-3 on Chemical Analysis of Metals to 
recommend standard methods of chemi- 
cal analysis applicable to the specifica- 
tions under the jurisdiction of Com- 
mittee B-5 and to advise as to action 
taken to provide methods of test where 
none of the present methods are applic- 
able. It was decided that any differ- 
ences in methods of test used in the B-5 
specifications, should be referred to the 
responsible subcommittees. 

A special committee (C. J. Snyder, 
C. H. Davis, G. H. Harnden, and J. F. 
Ednie) is preparing a standard rejection 
clause for specifications under the juris- 
diction of Subcommittees A-1, A-2, A-3, 
and A-4.5 A separate special committee 
with J. F. Ednie as coordinating member 
between the two groups, is to develop 
a rejection clause applicable to specifi- 
cations under the jurisdiction of Sub- 
committee B-1.* 

A special committee (J. F. Ednie, D. 
Basch, W. B. Price, H. J. Toner, H. C. 
Ashley, J. W. Bolton, and C. H. Green- 
all) is to make recommendations as to 
the significance of numerical limits in 
Committee B-5 specifications. 

A special committee (D. K. Crampton, 
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G. H. Slagle, A. W. Peterson, R. A, 
Frye, and N. H. Murdza) is to review 
the problem of testing thin (0.003 to 
0.010 in.) sheet metal. 

A special committee (R. A. Lubker, 
T. C. Merriman, M. A. Buell, and H, 
C. Ashley) is to make recommendations 
concerning the testing of full-sized rod 
stock and the proper gage length of 
specimen. 

The Committee B-5 representative on 
Committee E-1 on Methods of Testing 
was requested to obtain from the Sec- 
tion on Indentation Hardness, definite 
recommendations for the location of 
Rockwell and Brinell tests on sheet 
and rod stock. 

Subcommittee C-2 on Tolerances (J. E. 
McGraw, chairman) recommended re- 
vision of dimensional tolerances in Com- 
mittee B-5 specifications to bring them 
into conformity with current CABRA 
Standards with particular attention to 
the Tentative Specifications for Copper- 
Nickel-Zinc and Copper-Nickel Alloy 
Sheet and Strip (B 122-42 T) and 
tube and pipe specifications.* 

The subcommittee has been requested 
to look into the question of piston rod 
and shafting tolerances. 

Subcommittee C-3 on Editorial and 
Publications (C. H. Davis, chairman) is 
developing plans for editing Commit- 
tee B-5 specifications for consistency 
and uniformity of terminology, as well as 
for the development of lists of defini- 
tions of terms. 


This report has been submitted to 
letter ballot of the committee which 
consists of 105 voting members; 70 
members returned their ballots, of whom 
63 have voted affirmatively, and 0 
negatively. 


Respectfully submitted on behalf of 
the committee, 
G. H. HARNDEN, 
Chairman. 
V. P. WEAVER, 
Secretary. 
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As indicated in the Summary of Proceedings, p. 5, a number of recommenda- 
tions affecting tentatives and the withdrawal of a standard referred to in the 
report were submitted by Committee B-5 and accepted by the Administra- 
tive Committee on Standards on June 27, 1945. The revised tentatives 
appear in the 1945 Supplement to Book of A.S.T.M. Standards, Part I. 


Subsequent to the Annual Meeting, Committee B-5 presented to the Ad- 
ministrative Committee on Standards the following recommendations: 


New Tentative Specifications for: 
Copper-Nickel-Zinc Alloy Wire (B 206 - 46 T). 
Tentative Revision of Standard Specifications for: 


Copper Rods for Locomotive Staybolts (B 12 - 45), 

Free-Cutting Brass Rod and Bar for Use in — "Machines (B 16 - 45), 

Copper Water Tube (B 88 - 45), 

Copper-Silicon Alloy Rods, Bors and Shapes (B 98 - 45), 

Copper-Silicon Alloy Wire ‘for General Purposes (B 99 - 45), 

Copper and Copper-Alloy Seamless Condenser Tubes and Ferrule Stock (B 111 - 45), 
Brass Wire (B 134 - 45) 

Manganese Bronze Rots Bars and Shapes (B 138 - 45), and 

Leaded Red Brass (Hardware Bronze) Rods, Bars and Shapes (B 140 - 45). 


Revision of Tentative Specifications for: 

Naval Brass Rods, Bars and Sheow (B 21 - 45 T), 
Seamless Copper Tubes (B 75 - 45 T), 
Copper-Nickel-Zinc and Copper-Nickel ey Sheet and Strip (B 122 - 45 T), 

Copper Rods, Bars and Shapes (B 133 - 45 T 

Miscellaneous Brass Tubes (B 135 - 45 1) 

Phosphor Bronze Rods, Bars and Shapes (B 139 - 45 T), 

Aluminum Bronze Rods, Bars and Shapes (B 150 - 45 T), 

Copper-Nickel-Zinc Alloy Rod and Bar (B 151 - 45 T), 

Phosphor Bronze Wire (B 159 - 45 T), 

Beryllium-Copper Alloy Strip (B 194 - 45 T) 

Beryllium-Copper Alloy Rod and Bar (B ix- 45 T), and 

Beryllium-Copper Alloy Wire (B 197 - 45 T). 


These recommendations were accepted by the Standards Committee on 
January 4, 1946. The new and revised tentatives together with the tenta- 
tive revisions appear in the compilation “A.S.T.M. Standards on Copper 
and Copper Alloys,” April, 1946. 
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APPENDIX 


RECOMMENDATIONS AFFECTING STANDARDS FOR COPPER AND 
COPPER ALLOYS, CAST AND WROUGHT 


In this Appendix are given the recom- 

- mendations affecting certain standards 
covering copper and copper alloys which 
are referred to earlier in this report. 
_ The standards appear in their present 
form in the 1944 Book of A.S.T.M. 
Standards, Part I, and the compilation 
of “A.S.T.M. Standards on Copper and 


Copper Alloys,” December, 1944. 


The committee recommends that the 

- following 18 tentative specifications be 

_ revised as indicated below and continued 
as tentative. 


REVISIONS OF TENTATIVE STANDARDS 


_ Tentative Specifications for Naval Brass 
Rods, Bars, and Shapes (B 21 — 44 T): 


Section 1.—Replace the present note in 
this section by the following: ‘““NoTE.— 
Rods and bars for hotforging are covered 
by the Tentative Specifications for Cop- 

_ per-Base Alloy Forging Rods, Bars, and 
_ Shapes (A.S.T.M. Designation: B 124).” 
Table the present Table 
IL on tension and bend test requirements, 
‘ by the accompanying Table I. 
Section 8.—Delete the present Section 
8 retaining the accompanying note and 
substitute the following: 


8. A test specimen at least 6 in. in length, 

but in no case less than twice its diameter or 

7 distance between parallel surfaces, shall be 
totally immersed for 15 min. in the standard 
mercurous nitrate solution prescribed in the 

_ Tentative Method of Mercurous Nitrate Test 
_ for Copper and Copper Alloys (A.S.T.M. Desig- 
nation: B 154). There shall be no cracks in the 
specimen when examined immediately after it 
is removed from the solution, rinsed and wiped. 


New Section—Add a new Section 14 
on straightness tolerances to read as 
follows, and as in the accompanying 


TABLE I.—TENSION AND BEND TEST 
REQUIREMENTS. 


Diameter or 
Thickness, in. 


Tensile Strength, min., 
psi. 


Yield Strength, min., 
psi. 


Rods and Bars, Soft: 
1.00 and under... 
Over 1.00 to 2.50, 

Over 2.50 
Rods and Bars, Half 
Hard or Light 
Annealed: 
0.50 and under.... 
Over 0.50 to 1.00, 


incl. 
Over 1.00 to 2.50, 


and 
ard: 
1.00 and under.... 
Over 1.00 to 2.50, 


Rods Bars, 
H 


incl. 
Over 2.50 to 3.50, 


Over 3.50 


Shapes, Soft, 
| 


22 000 


Elo 


ngation 


in 2 in., 


mi 


n., per 
cent 


18 | 15 


25 | 20 
25 | 20 


30 | 20 


180 


120 
120 
120 


120 
120 


120 
120 
120 
120 


180 


“ There are no bend test requirements for grades B 


an 


Table I, renumbering the subsequent 


sections accordingly: 


14. Straightness Tolerances.—Unless otherwise 
specified, the material shall be furnished in 
straight lengths of which the deviation from 
absolute straightness shall not exceed the limita- 
tions prescribed in Table VII (accompanying 


Table II). 
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TABLE II.—STRAIGHTNESS TOLERANCES. 


Portion 
of Tota 
| Maximum | Length in 
Curvature Which 
(depth of | Depth of 
arc), in. Arc is 
Measured, 
in. 
Drawn bars and shapes........ % 72 


Tentative Specifications for Bronze Cast- 
ings for Turntables and Movable 
Bridges and for Bearing and Expansion 
Plates of Fixed Bridges (B 22-44 T): 


Table I.—Replace the present Table I 
on chemical requirements, by the ac- 
companying Table ITI. 


TABLE III.—CHEMICAL REQUIREMENTS. 


the following changes in percentage 
values: 


Alloy 2A, maximum copper; change from 
90.0” to read “89.0.” 

Alloy 6A, maximum lead; change from “3.0” 
to read “3.5.” 

Alloy 6B, maximum lead; change from “2.5” 
to read “3.5.” 

Alloy 11B, maximum copper; change from 
66.0") to read “67.0.” 


Tentative Specifications for Seamless 
Copper Tubes (B 75 — 43 T): 


Section 13.—Change to read as follows 
by the addition of the italicized words: 


13. It is to be expected that samples of types 
A, B, C, and D will pass the following embrittle- 


; | Class A Class B Class C Class D 
Min Max Min. | Max Min | Max. Min. | Max 
79.0 | 82.0 82.0 | 85.0 78.0 2.0 86.0 | 89.0 
| 18.0 20.0 15.0 17.0 9.0 11.0 9.0 11.0 
Copper plus tin plus lead | 


Note.—Analysis shall regularly be made only for the elements designated in boldface type. However, the presence 
of the other named elements outside of the limits specified in this table shall constitute cause for rejection of 


Table II.—For class D change the 
tensile strength value “33,000” to read 
“36,000” psi. and the elongation value 
“14” to read “18” per cent. 


Tentative Specifications for Copper-Base 
Alloys in Ingot Form for Sand Castings 
(B 30-44 T): 


Table II.—Add a footnote reference 
“c’ to the minimum copper values and 
to the maximum nickel values for alloys 
designated 3A, 3B, 3C, 3D, 3E, 4B, 5A, 
and 5B. Print the maximum nickel 
values for these alloys in bold face type. 
In the first column of that portion of the 
table applying to alloys 1A to 5B, change 
the last line to read “Copper plus tin 
plus lead plus nickel, per cent.” Make 


the castings. 


ment test, although the actual performance of 
the test is not mandatory under the terms of 
these specifications unless definitely specified: 
Suitable samples shall be heated to a temperature 
of 800 to 875 C. fora period of 20 min. in a fur- 
nace containing an atmosphere of hydrogen. 
After their removal] from the furnace the samples 
shall be polished, etched if desired, and examined 
under a microscope at a magnification of not 
less than 75 diameters. The samples shall not 
show gassing or open grain structure characteris- 
tic of embrittlement. 


Section 14.—After Paragraph (6) 
two new Paragraphs (c) and (d) to read 
as follows, relettering present Paragraph © 


(c) as (e): 


(c) Expansion Test.—Tentative Method of 
Test for Expansion (Pin Test) of Copper and 
Copper-Alloy Tubing (A.S.T.M. Designation: 
B 153). 
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(d) Electrical Resistivity —Tentative Method 
of Test for Resistivity of Copper and Copper- 
Alloy Electrical Conductors (A.S.T.M. Desig- 
nation: B 193). 


Table II.— Add values of “0.007” and 
“0.005” to the fourth column for outside 
_ diameters over } to in. in lines 4 and 5, 
_ respectively; also in the fifth column for 
== diameters over 3 to 1 in. add 

values of “0.011”, “0.009”, “0.0075” and 
“0,006” in lines 2 to 5, respectively. 

Section 17 (b).—Change to read as fol- 

lows by the addition of the italicized 
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TABLE IV.—THICKNESS TOLERANCES. 


need of the Emergency Alternate Provi- 
sions EA-B 122 which are to be with- 
drawn. 

Table IV.—Replace the present Table 
IV on thickness tolerances, by the ac- 
companying Table IV. 

Section 15.—Revise this section to read 
“The width tolerances shall be as pre- 
scribed in Table V” (accompanying 
Table V). 

Section 16.—Revise this section to 
read ‘“The edgewise curvature (depth of 
arc) in a 72-in. length of metal shall not 


Thickness Tolerances, plus and minus,? in. 
STRIP SHEET 
Thickness, in. 
i ia ie Over 8 | Over 12 | Over 14 | Over 20 | Over 28 | Over 36 | Over 48 
under. | 2.12 in.,| to 14 ie. to 20 in. Ms to 28 in., | to 36 in., | to 48 in., | to 60 in., 
in Width | incl., in’ incl., incl. incl., in | incl., in | incl., in | incl., in 
Width | W idth W idth. Width | Width Width Width 
Over 0.004 to 0.006, incl........ 0.0006 | 0.0010 0.0010 | 0.0015 mes Se eee 
| 
Over 0.009 to 0.013, incl........ 0.0010 | 0.0015 0.0015 
Over 0.013 to 0.017, incl........| 0.0013 0.002 0.002 
— Over 0.021 to 0.026, incl........ 0.002 0.0025 0.0025 0.003 0.004 0.005 0.006 0.007 
Over 0.026 to 0.037, incl........| 0.0025 0.003 0.003 0.0035 0.005 0.006 0.007 0.008 
Over 0.037 to 0.050, incl........ 0.003 0.0035 0.0035 0.004 0.006 0.007 0.008 0.010 
4 Over 0.050 to 0.073, incl........ 0.0035 0.004 0.004 0.0045 0.007 0.008 0.010 0.012 
— Over 0.073 to 0.130, incl. ..| 0.004 0.0045 0.0045 0.005 0.008 0.010 0.012 0.014 
~ Over 0.130 to 9.187, incl 0.0045 | 0.005 0.005 0.006 0.010 0.012 0.014 0.016 


*W hen tolerances are specified a as all ‘plus « or all minus, us, double the above values. 


_words and the omission of the words in 
brackets: 


: (b) When [specified] straight lengths [with 
k ends included] are supplied as stock lengths with 
_ Short lengths included, at least 75 per cent by 
_ weight shall be the length indicated, subject to a 
and minus tolerance of 1% in.; [specified;] 
25 per cent by weight may be shorter, but no 
piece shall be less than 50 per cent of the [tube] 
length designated [specified]. 


Tentative Specifications for Copper- 


Nickel-Zinc and Copper-Nickel Alloy 
Sheet and Strip (B 122-42 .T): 


Section 3 (a).—Revise this section by 
_ including a reference to Emergency Spe- 
cifications ES-7, thereby eliminating the 


exceed the amounts prescribed in Table 
VI (accompanying Table VI). 

Section 17.—Revise this section to read 
as follows: 


17. (a) The material shall be furnished in 
flat, straight lengths, unless rolls are specified. 
Rolls shall consist of not more than three 
lengths, no one of which shall be less than 10 
ft. in length. 

(b) Acceptable Short Lengths.—Lengths of 
flat sheet or strip shall be in accordance with 
regular practice as prescribed in Table VII 
(accompanying Table VII). 

(c) When special lengths are required, they 
shall be specified in the order. 


Section 18.—Delete this section and 
renumber subsequent sections accord- 


Tent 
Ba 
Se 

this | 

ered 

Copy 


2 in. 
Over 
Over 


Uver 


Over 


120 
Ove 


| an 
12 
th 
ingly. | 
if 


Tentative Specifications for Copper Rods, 
Bars, and Shapes (B 133-44 T): 


Section 1.—Add a note at the end of 
this section to read as follows: ‘‘NoTeE. 
—Rods and bars for hotforging are cov- 
ered by Tentative Specifications for 
Copper-Base Alloy Forging Rods, Bars, 

TABLE V.—WIDTH TOLERANCES. 


Suit METAL AND METAL witH ROLLED EpGeEs 


Width Tolerances, 
plus and minus, in. 


Width, in, 0.004 to | Over 0.032 
0.032 in. to 0.182 
in in. in 
Thickness | Thickness 


Quer 3 to 0.008 0.013 
Over 14 to 20, incl............. 0.013 0.018 


SQUARE SHEARED METAL 
(All Lengths up to 120 in., incl.) 


Width Tolerances,* 


plus and minus, in. 
Width, in 
\% in. Over % | 
and | to in., 
Thickness 


Thickness Thickness | 


SAWED METAL 
(All widths up to 112 in., incl.) 


Width Tolerances,* 
plus and minus, in. 


Length, in. 
1% tom 114 to 
under in | 24% incl. , in 

Thickness | Thickness 


° 
iS) 
~ 
— 


* When tolerances are specified as all plus or all minus, 
ible the above values. 


and Shapes (A.S.T.M. Designation: B 
124).” 

Section 4 (b).—In the last line delete 
the word “or” and insert in its place the 
words “low-resistance grade.” 

Section 4 (c).—Delete the entire para- 
graph. 

Section 4 (d).—Reletter as Paragraph 
(c) and delete the last two lines. 

Section 6 (b).—Revise this Paragraph 


to read as follows by the addition of the 


— 
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20 and under........... Straightness Tolerances, 
Over 20 to 36, incl...... 
er 36 to 60, incl...... Mo Thickness, in. — 


italicized words and the omission of the 
words in brackets: 


(b) For chemical analysis, equal [amounts] 
quantities of [clean] drillings, millings, sawings, 
or clippings [of suitable size] shall be taken from 
[two of the samples selected in accordance with 
Paragraph (a). No lubricant shall be used,] 
each sample. The samples shall be cleaned if 
necessary to remove all dirt, grease, oxide or sur-— 
face film and care {shall be] taken not to oxidize, 


TABLE VI.—STRAIGHTNESS TOLERANCES, IN. 


Maximum Edgewise Curvature (depth of arc) in any 72 in. 
Portion of the Total Length 


METAL AND Suit METAL WITH Epces 


{wie ith Rolled 
: dges or as 
As Slit Straight- 
ened 
Width, in. 
S} 
in| 
olls Rolls 
Cues 36 to 1% 
Over 2 to S,incl............... 5% 44 


‘Se SHEARED METAL 
(Not applicable to metal over 120 in. in length) 


hag to 10 | ‘Over 
incl, 10 in. in 
in idth Width 
Over 


Sawep METAL 
(Not applicable to metal over 144 in. it in length) 


Straightness 
Width, in. Tolerances, in. 


the samples. These shall [then] be thoroughly 
mixed and [after careful treatment] carefully 
treated with a magnet to remove [possible] any 
iron particles introduced in sampling. Two 
ounces of the resultant mixture shall be placed 
in each of three packages, one for the manufac- 
turer, one for the purchaser, and one for an 
umpire, if necessary (Note). 

Nore.—If an umpire is required he shall be 
mutually agreeable to the manufacturer and the 
purchaser. The results of his analysis shall be 


taken as final. 
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Section 6 (c).—Revise the first two 
lines of this Paragraph to read as follows: 
“Two samples (Section 6 (a)), before 
preparation... .” 

Section 6 (d).- 
in the third line. 

Section 13.—Delete the second sen- 
tence of this section and substitute the 
following: “Suitable samples shall be 
heated to a temperature of 800 to 875 C. 
for a period of 20 min. in a furnace con- 


Delete the word “four” 


TABLE VIILENGTH TOLERANCES.* 
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| Indicated 
| Lengths | Length of | ‘Tenoth 
Stock Length, | by Shortest } 
{t. | Weight, Piece, | Weinht 
min., per min., ft. | 
| cent per cent 
and 60 4 10 
6 vetesas 80 2 10 
Length Tolerances for Stock Lengths............. 1 in. 
Tolerances 
th. ft | Resquared 
Automatic | Metal, or 
Machine | Square 
Cut, in. | Sheared 
Metal, in. 
Over 10 to 20, incl. 4% “4 


* Tolerances are all plus; if all minus tolerances are 
desired, use the same values; if tolerances are desired plus 
and minus, halve the values given. 


taining an atmosphere of hydrogen. 
After they are removed from the furnace 
the samples shall be polished, etched if 
desired, and examined under a micro- 
scope at a magnification of not less than 
75 diameters. ‘The samples shall not 
show gassing or open-grain structure 
characteristic of embrittlement.” 

New Section—Add a new Section 20 
on straightness tolerances to read as fol- 
lows, renumbering the subsequent sec- 
tions accordingly: 

20. Straightness Tolerances.—Unless_other- 
wise specified, the material shall be furnished in 
straight lengths of which the deviation from 
absolute straightness shall not exceed the limita- 
tions prescribed in Table VI (accompanying 
Table II). 


Section 20.—Renumber this section as 
Section 21, change the title to read 
“Edge and Corner Radii” and _ revise 


Paragraphs (0), (c), (d), and (e) to read 
as follows: 


(b) Square Corners.—Unless otherwise speci- 
fied, bars shall be finished with commercially 
square corners with a maximum permissible 
radius of #y in. for bars over }% in. in thick- 
ness. 


(¢) Rounded Corners.—When specified, bars 
may be finished with corners rounded as shown 
in Fig. 1 to a quarter circle with a radius of 
ve in. for bars over 7s in. in thickness. The 
tolerance on the radius shall be plus and ni- 
nus 25 per cent. 


A 

JA 

4 
/ 
A 


“Rounded Corner 


_ Note.—The arc shall not necessarily be tangent at 
points A but the product shall be commercially free from 
sharp, rough or projecting edges. 


1.—Rounded Corners. 


(d) Rounded Edge.—When_ specified, bars 
may be finished with edges rounded as shown in 
Fig. 2, the radius of curvature being 13 times 
the thickness of the bar for bars over ¥¢ in. 
in thickness. The tolerance on the radius shall 
be one fourth the thickness of the bar. 


A. 


| 


Note.—The arc shall be substantially symmetrical 


Ws. 
Rounded Edge 


_ with the axis of the product. The corners, A, will usually 


sharp but shall not have rough or projecting edges. 


Fic. 2.—Rounded Edge. 


(e) Full Rounded Edge.—When specified, bars 
may be finished with substantially uniform 
round edges, the radius of curvature being 
approximately one-half the thickness of the 
product, as shown in Fig. 3, but in no case to 
exceed one half the thickness of the product by 
more than 25 per cent. 
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full Rounded Edge 
NoTE.—The arc shall not necessarily be tangent at 
A but shall be substantially symmetrical with the 


sof the product, and the product shall be commercially 
from sharp, rough or projecting edges. 


Fic. 3.—Full Rounded Edge. 


Shapes.—Products with edge or corner 
urs other than shown in Paragraphs (a) 
are Classified as shapes. 

Tentative Specifications for Miscellane- 
ous Brass Tubes (B 135 — 43 T): 
Section 1.—Change line 3 to read “Six 

alloys...”, and add to the table of 

nominal compositions alloy No. 6 with 
nominal composition as follows: Copper 

60 per cent, Zinc 39 per cent, and Lead 

1.0 per cent. 

Section 3 (a).—Revise this section by 
including a reference to Emergency 
Specifications ES—7, thereby eliminat- 
ing the necessity of the Emergency Al- 
ternate Provisions EA — B 135 which are 
to be withdrawn. 

Section 4.—Add a new alloy No. 6 to 
the table in this section with a chemical 
composition as follows: Copper 59.0 to 
62.0 per cent, Lead 0.9 to 1.4 per cent, 
Iron 0.15 max. per cent, Zinc remainder. 

Tables I and II.—Add alloy No. 6 to 
the heading for the (60 Cu, 40 Zn) group 
at the bottom of these tables. 

Section 7 (b).—Change line 3 to read 
as follows: “Alloys Nos. 5 and 6 are sup- 
plied only... .” 

' Section 11.—Delete the last sentence 

of this section. 

Section 14.—Add to the bottom of the 
table in this section the following: ‘“‘Alloy 
No. 6, Leaded Muntz metal... 0.304.” 

Table IIT.—Make the same additions 
as recommended above for Table II of 
Specifications B 75. 

Table V.—Change the note under the 
title of this table to read as follows: 
“Precision Cutting: This table represents 
the tolerances to be expected in normal 
mill practice. Precision cutting can be 


TABLE VIII.—TENSILE REQUIREMENTS FOR 
RODS AND BARS. 


4 Elon- 
Tensile ——_|gation 
Strength, psi. in. 
2 in., 
min. 


r 
Min. | Max. oe 


Diameter or Distance 
Between Parallel 
Faces, in. 


Grape A 


Rounds under 0.250..| 40000 


Rounds under 0.250..| 80000 
Rounds and Hexa- 


gons: 
0.250 to 0.500 
0.501 to 1.000 
1.001 and over. .. 
Squares and 
angles: 
0.250 to 0.375 
0.376 and over 


Rounds: 
Under 0.026....... 
0.026 to 0.0625.... 
0.0626 to 0.125.... 
0.126 to 0.250 
0.251 to 0.375 
0.376 to 0.500 


70 000 
60 000 
55 000 


60 000 
55 000 


125 000 


Grapes B1 anp B2 


Rounds and Hexa- 
gons: 
0.250 to 0.500 
0.501 to 1.000 
1.001 and over..... 
Squares and Rect- 
angles: 
0.250 to 0.375 
0.376 and over 


Grape C 


Rounds under 0.250..| 53 000 


Rounds under 0.250. .| 105 000 
Rounds and Hexa- 
gons: 
0.250 to 0.500 
0.501 to 1.000 
1.001 and over... 
Squares and Rect- 
angles: 
0.250 to 0.375 68 000 
0.376 and over 60 000 


85 000 
75 000 
60 000 


Grape D 


Rounds under 0.250..| 60000 
Rounds under 0.250. .| 105 000 
Rounds and Hexa- 
gons: 
0.250 to 0.500...... 
0.501 to 1.000 
1.001 and over..... 
Squares and Rect- 
angles: 
0.250 to 0.375 
0.376 and over 


95 000 
85 000 
70 000 


76 000 
70 000 


done to closer tolerances and for such 
tolerances the manufacturer should be 
consulted.” 
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Section 16 (b).—Make the same change 
as recommended above in Section 17 (6) 
of Specifications B 75. 


Tentative Specifications for Phosphor 
Bronze Rods, Bars, and Shapes (B 
139-44 T): 


Section 3 (a).—Delete reference to 
phosphor tin. 

Table II.—Replace the present Table 
II on tensile requirements, by the ac- 
companying Table VIII. 

New Section.—Add a new Section 14 
on straightness tolerances to read as 
recommended above for Specifications 
B 21, renumbering the subsequent sec- 
tions accordingly. 


Tentative Specifications for High-Leaded 
Tin-Bronze Sand Castings (B 144 - 
44 T): 


Table II.—Add a new footnote 6 to 
read: “In determining copper minimum, 
copper may be calculated as copper plus 
nickel.” ‘The reference to this footnote 
applies against the values for copper 
minimum and nickel maximum for al- 
loys 3A to 3E, inclusive. Print the 
values for nickel maximum in bold face 
type. Reletter the present footnotes b 
and ¢ and their references to read ‘“c”’ 
and ‘“‘d,”’ respectively. 


Tentative Specifications for Leaded Red 
Brass and Leaded Semi Red Brass 
Sand Castings (B 145 — 44 T): 


Table II.—Apply footnote reference 
“a” to copper minimum and nickel maxi- 
mum of alloys 4B, 5A, and 5B, and 
designate nickel values in bold face type. 


Tentative Specifications for Leaded Yel- 
low Brass Sand Castings for General 
Purposes (B 146-44 T): 


Table II.—Change the requirements 
for maximum lead for alloy 6A from 
“3.5” to read “3.75” per cent, and for 
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alloy 6B from “3.0” to read “3.75” per 
cent. 


Tentative Specifications for Aluminum. 
Bronze Sand Castings (B 148 ~ 447); 


Section 3 (b).—Revise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the necessity of the Emergency Alternate 
Provisions EA-B 148a which are to be 
withdrawn. 


Tentative Specifications for Aluminum 
Bronze Rods, Bars, and Shapes (B 
150 — 44 T): 


Section 1.—Add a note at the end of 
this section to read as follows: “Notr.— 
Rods and bars for hotforging are covered 
by the Tentative Specifications for Cop- 
per-Base Alloy Forging Rods, Bars, and 
Shapes (A.S.T.M. Designation: B 124),” 

Section 8§.—Revise this section as rec- 
ommended above in Section 8 of Specifica- 
tions B 21. 

New Section.—Add a new Section 14 
on straightness tolerances to read as 
recommended above for new Section 14 
in Specifications B 21, renumbering the 
subsequent sections accordingly. 


Tentative Specifications for Copper- 
Nickel-Zinc Alloy Rod, Bar, and Wire 
(B 151—44T): 


New Section.—Add a new Section 15 
on straightness tolerances to read as 
recommended above for new Section 14 
in Specifications B 21, renumbering the 
subsequent sections accordingly. 


Tentative Specifications for Copper 
Sheet, Strip, and Plate (B 152- 4417): 


Section 2.—Add a new item 3, to read 
as follows: “(3) Whether the resistivity 
test is required for either type A or C 
(Sections 1 and 14),” and renumber the 
subsequent items accordingly. 

Section 4.—In the table in this section 
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hange the minimum copper (plus silver) 
requirement for type C from “99.90” to 
rad “99.92” per cent, and for type E 
fom “99.45” to read ‘99.40” per cent. 

Section 13.—Revise line 12 of this sec- 
tion to read as follows: “. . . shall be pol- 
ished, etched if desired, . 

Section 14.—Revise the first sentence 
toread as follows: ‘‘When specified in the 
order, the electrical resistivity deter- 
nined on samples of types A and C cop- 
yer shall not exceed....” In the table 
of resistivity values, change the present 
signated condition “Hard (cold- 
rolled)? to read “‘Cold-rolled tempers.” 
Change the resistivity values “0.15614” 
and “0.15940” to read “0.15328” and 
“0.15775,” respectively. In the note, 
change the resistivity values “0.15614” 
and “0.15940” to read “0.15328” and 
“0.15775,” respectively, and the conduc- 
tivity values “98.16” and “96.16” to read 
100” and “97.16,” respectively. 

Section 16.—Add a new Paragraph (d) 
to read as follows: ‘‘(d) Electrical Resis- 
titity—Tentative Method of Test for 
Resistivity of Copper and Copper-Alloy 
Electrical Conductors (A.S.T.M. Desig- 
nation: B 193).” 

Table V.—Change the subhead “Slit 
Metal and Rolled-Edge Metal” to read 
‘Slit Metal and Slit Metal with Rolled 
Edges.” 


Tentative Specifications for Phosphor 
Bronze Wire (B 159-44 T): 


Section 1.—Add a new Paragraph (c) 
to read as follows: ‘‘(c) Material in 
straight lengths (rod) is covered by Ten- 
lative Specifications for Phosphor Bronze 
Rods, Bars, and Shapes (A.S.T.M. Desig- 

ation: B 139). 

3 (a).—Replace reference to 
Phosphor Tin B 51” with “Phosphor 
Copper B 52.” 

Tables II and III.—Revise footnote a 
to read as follows: “Material in straight 


RECOMMENDATIONS ON STANDARDS FOR COPPER AND COPPER ALLOYS 


127 


lengths (rod) is covered by Tentative 
Specifications for Phosphor Bronze Rods, 
Bars, and Shapes (A.S.T.M. Designation: 
B 139).” In Table III delete elongation 
values “1.5” and “2.0” for wire 0.125 in. 
in diameter and under. 

Section 10 (b).—In the first three lines 
delete the words “‘of round sections or 
the distance between parallel surfaces in 
the case of other sections.” 

Table IV.—Delete the last column of 
the present table giving tolerances for 
hexagonal and octagonal wire, and 
change table heading accordingly. 


Tentative Specifications For Copper Bus 
Bars, Rods, and Shapes (B 187-44 T): 


Section 5.—In Paragraph (6) add the 
following at the end of the first sentence: 
“...and with no apparent evidence of 
slivers or other imperfections.” 

Add a new Paragraph (c) to read as 
follows: 

(c) Edgewise Bend Test.—The material shall 
be capable of being bent cold edgewise through 
90 deg. around a mandrel having a radius as 
shown in the following table: 


Mandrel Radius, 


In. 


Width of Bus Bar, in. 


Over % ‘to 1 
Over 1 to 144, incl..... 1% 
For widths over 14 increasing by 
increments of Radii over “414 


increase by in- 
crements of !4 


The actual performance of this test is not man- 
datory under the terms of these specifications 
unless definitely specified in the purchase order 
and, when so specified, the test shall be per- 
formed only for bars up to and including 4 in. 
in width. It is expected that bus bars over 4 
in. in width as furnished shall, if necessary for 
fabricating purposes, be capable of being bent 
over mandrels of the specified radii and failure 
to meet satisfactorily this requirement shall 
constitute cause for rejection. 


Section 7,—Change lines 12 and 13 to 


read as follows: “...samples shall be 
— etched if desired, and examined, 
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Section 13.—Replace this section with 
the same section on straightness toler- 
ances recommended above as a new Sec- 
tion 14 in Specifications B 21. 

Section 14.—Change the title of this 
section to read “Edge and Corner Radii,” 
and revise Paragraphs (b), (c), (d), and (e) 
to read as recommended above in Section 
20 of Specifications B 133. 

Section 15.—Revise the first sentence 
to read as follows: ‘““The material shall be 
free from blisters, slivers, and scale, as 
well as from all other imperfections not 
consistent... .” 


Tentative Specifications For Copper Bus 
Pipes and Tubes (B 188 -— 44 T): 


Section 7.—Change lines 12 and 13 to 
read: ‘‘... the samples shall be polished, 
etched if desired, and examined. .. .” 

Section 10.—In Paragraph (a), add a 
reference to the Tentative Method of 
Test for Resistivity of Copper and Cop- 
per-Alloy Electrical Conductors (A.S.- 
T.M. Designation: B 193). 

Table II,—Delete the dimensions and 
weights for pipe sizes 43, 7, 9, and 11 in. 

Section 12.—Delete Paragraph (/) and 
reletter the subsequent paragraph ac- 
cordingly. 

IMMEDIATE 


REVISION OF STANDARDS, 


ADOPTION 


The committee recommends, for imme- 
diate adoption, revisions in 11 specifica- 
tions, as indicated below, and accordingly 
asks for a nine-tenths affirmative vote at 
the Annual Meeting in order that these 
modifications may be referred to letter 
ballot of the Society. 


Standard Specifications for Copper Bars 
For Locomotive Staybolts (B 12 — 42): 


 Title—Change the title to read: “Cop- 
per Rods For Locomotive Staybolts,” 
and substitute the term “rod” for “bar” 

throughout the Specifications. 
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Standard Specifications For Free-Cutting § Standa’ 
Brass Rod and Bar For Use in Screw Stans 
Machines (B 16 — 44): 
Secti 
Section 1.—Delete the note in Para. Secti 
graph (0). 
read as 
TABLE IX.—DIMENSIONS AND WEIGHTS OF § sl 
COPPER PIPE, STANDARD PIPE SIZES = 
| Nominal Dimensions, in.| Cross- 
| Cross ws 
Pipe __.| Sectional | Weight iollo 
|Outside Inside | Wall cordan 
Diam- | Diam- | Thick- 
eter | eter ness in. Test fc 
- and ¢ 
REGULAR Design 
0.405 | 0.281 | 0.062 | 6.062 | 0.259 
SRR 0.540 ed 0.082 | 0.110 | 0.457 
% 0.675 | 0.495 | 0.090 | 0.192 | 0.641 add a 
| | 
0.840 | 0.626 | 0.107 0.307 | 0.955 the op 
1.050 | 0.822 | 0.114 0.531 | 1.30 ine 
| 1.063 | 0.126 | 0.887 | pipe 
1%......| 1.660 | 1.368 | 0.146 1.47 2.69 
1%4......| 1.900} 1.600 | 0.150 2.01 3.20 TABL 
2 2.375 | 2.063 | 0.156 | 3.34 | 4.2 
2%......| 2.875 | 2.501 | 0.187 | 4.91 | 6.12 
3.500 | 3.062 0.219 | 7.37 | 8.75 
3%......| 4.000} 3.500) 0.250 | 9.62 | 114 
4 4.500 | 4.000} 0.250 | 12.6 12.9 
5.562 | 5.062 | 0.250 | 20.1 | 16.2 
6 | 6.625 | 6.125 | 0.250 | 29.5 19.4 
8 | 8.625 | 8.001 | 0.312 | 50.3 | 31.6 er 8 
10 | 10.750 | 10.020 | 0.365 | 78.8 | 46.2 
| 12.750 | 12.000 | 0.375 | 113. | 56.5 Ex 
Extra STRONG 
% 0.405 | 0.205} 0.100! 0.033 | 0.371 clu 
0.540 | 0.294 | 0.123 | 0.068 | 0.625 
0.675 | 0.421 | 0.127 | 0.139 | 0.847 raw] 
0.840 | 0.542 | 0.149 0.231 1.25 Ta 
| 1.050} 0.736 | 0.157 0.425 | 1.71 dimes 
1 | 1.315 | 0.951 | 0.182 0.710 | 2.51 
wit 
1%......| 1.660 | 1.272 | 0.194 1.27 3.46 
14 | 1.900} 1.494 | 0.203 1.75 4.19 Sec 
2 | 2.375 | 1.933 | 0.221 2.94 | 5.80 We 
ej 
214 | 2.875 | 2.315 | 0.280 4.21 | 8.85 
3 3.500 | 2.892 | 0.304 6.57 | 11.8 ances 
314 | 4.000} 3.358 | 0.321 8.86 | 14.4 Se 
4 | 4.500} 3.818 | 0.341 | 11.5 | 17.3 ble 
5 5.562 | 4.812 | 0.375 18.2 | 23.7 aye 
6 6.625 | 5.751 | 0.437 | 26.0 | 32.9 minu 
8.625 | 7.625 | 0.500 | 45.7 49.5 Se 
10.750 | 9.750 | 0.500 | 74.7 62.4 
reac 
Section 4.—Delete the note in this sea 
section. T 
New Section..-Add a new Section 14 ' 
on 
on straightness tolerances to read as 
0 re 
recommended above in Section 14 for iT 
Specifications B 21, renumbering the sub- J 
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Standard Specifications for Copper Pipe, 
Standard Sizes (B 42 — 43): 
Section 2.—Delete Item (4) (c). _ 
Section 7.—Revise the first sentence to 
read as follows: “Specimens selected for 
test shall, after annealing, withstand 
” Add a new sentence to read as 
follows: ““The test shall be made in ac- 
cordance with the Tentative Method of 
Test for Expansion (Pin Test) of Copper 
and Copper-Alloy Tubing (A.S.T.M. 
Designation: B 153).” 
Section 10.—At the end of this section 
add a sentence to read as follows: ‘“‘At 


the option of the manufacturer annealed 
pipe with wall thicknesses up to 0.083 in. 


TABLE X.—WALL THICKNESS TOLERANCES. 


Wall Thickness 


Pipe Sise, in. Tolerances, per cent? 


limited only by 
weight toler- 
8 ances 


* Expressed to the nearest 0.001 in. * 


inclusive, may be tested in the hard- 
lawn condition, prior to annealing.”’ 
Table I.—Replace Table I on standard 
dimensions and weights of copper pipe 
with the accompanying Table IX. 
Section 13.—Change the title to read 


“Weight and Wall Thickness Toler- 


ances,” 

Section 13 (a).—Change heading in the 
lable to read “Tolerance, plus and 
minus, per cent.”’ 

Section 13 (b).—Change the title to 
tead “Wall Thickness,”’ and replace the 
present table in this paragraph with the 
accompanying Table X. 

Table II.—Change the note on preci- 
sion cutting under the title of this table 
‘o read the same as recommended above 
in Table V of Specifications B 135. 

Section 14 (b).—Change to read the 
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same as recommended above in Section 
17 (6) of Specifications B 75. 

Section 14 (c).—Delete and reletter the 
subsequent paragraphs accordingly. 

Section 14 (d).—Reletter and change to 
read as follows: ‘“(c) The angle of cut of 
the end of any pipe may depart from 
square by not more than 0.010 in. for 
pipe up to and including in. in outside 
diameter; for pipe over ¢ in. in outside 
diameter, by not more than 0.016 in. per 
in. of diameter.” 

Section 14 (e).—Reletter and change to 
read as follows: “(d) For drawn unan- — 
nealed pipe in straight lengths, neither 
the major nor minor diameter shall vary 
more than 1 per cent from the specified 
diameter. For annealed pipe in straight 
lengths no out-of-round tolerance is 
established.”’ 


Standard Specifications for Brass Pipe, 
Standard Sizes (B 43 — 42): 


Section 2.—Delete item 4 (c). 

Section 7.—Change first sentence to 
read “Specimens selected for test shall, 
after annealing, withstand... .” 

Section 8.—Delete the last sentence. 

Table I.—Replace Table I on standard 
dimensions and weights of brass pipe 
with the accompanying Table XI. 

Section 14.—Change the title of this 
section to read ‘Weight and Wall Thick- 
ness Tolerances.” 

Section 14 (a).—Change heading in the 
table to read “Tolerances, per cent, plus 
and minus.” 

Section 14 (b).—Change title to read 
“Wall Thickness” and replace the pres- 
ent table in this paragraph with the ac- 
companying Table X. 

Table IT.—Under the title of this table 
add the note on precision cutting to read 
the same as recommended above in 
Table V of Specifications B 135. 

Section 15 (b).—Revise to read as fol- 
lows: “‘(b) At least 75 per cent by weight 
shall be the length indicated, subject to a 
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0.371 
0.625 
0.847 
| 
49.5 | 
62.4 
this 
on 14 
id as 
4 for 
e sub- 


130 REPORT OF Commurrer B-5 (APPENDIX) 

plus and minus tolerance of 3 in. Standard Specifications for Seamless 


Twenty-five per cent by weight may be 
shorter, but no piece shal] be less than 50 
per cent of the length designated.” 


TABLE XI.—DIMENSIONS AND WEIGHTS OF 
BRASS PIPE, STANDARD PIPE SIZES. 
| Nominal Dimensions, Weight, 
= in. Cross- | Jb. per ft. 
Pipe | Section- 
| Inside | Wall | Bere. was 
in. \Outside! Inside Ja of Bore 
'Diam- | Diam- | Thick- | sq. in. [Yellow Rel 
| eter | eter ness | | 
REGULAR 
| 
| 0.405 | 0.281 | 0.062 0.062 | 0.246 | 0.363 
0.540) 0.376 | 0.082 | 0.110 | 0.435 | 0.611 
% | 0.675 | 0.495 | 0.090 | 0.192 | 0.609 | 0.829 
0.840} 0.626 | 0.107 0.307 | 0.908 | 1.23 
% | 1.050] 0.822 | 0.114 0.531 | 1.23 | 1.67 
..| 1.315 | 1.063 | 0.126 0.887 | 1.73 | 2.46 
1%..| 1.660 | 1.368 | 0.146 1.47 | 2.56 | 3.39 
1%..| 1.900} 1.600} 0.150 2.01 | 3.04 | 4.10 
2 ..| 2.375 | 2.063 | 0.156 3.34 | 4.01 | 5.67 
244 2.875 | 2.501 | 0.187 4.91 | 5.82 | 8.66 
3...) 3.500} 3.062 | 0.219 7.37 | 8.32 |11.6 
314..| 4.000} 3.500] 0.250 9.62 |10.9 (14.1 
4 ..| 4.500} 4.000} 0.250 | 12.6 [12.3 |16.9 
5 ..| 5.562] 5.062 | 0.250 | 20.1 [15.4 {23.2 
6 ..| 6.625 | 6.125 | 0.250 | 29.5 {18.4 
8 ..| 8.625 | 8.001 | 0.312 | 50.3 |30.0 
10 ..| 10.750 | 10.020 | 0.365 | 78.8 {43.9 |61.1 
12 ..| 12.750 | 12.000 | 0.375 | 113. 
Extra STRONG 
0.405 | 0.205 | 0.100 0.033 | 0.353 
4 0.540 | 0.294 | 0.123 0.068 | 0.594 
% | 0.675 | 0.421 | 0.127 0.139 | 0.805 
0.840] 0.542] 0.149 0.231 | 1.19 
3 1.050 | 0.736 | 0.157 0.425 | 1.62 
1.315 | 0.951 | 0.182 0.710 | 2.39 
1% 1.660 | 1.272 | 0.194 1.27 | 3.29 
14 1.900 | 1.494 | 0.203 1.75 | 3.99 
, 2.375 1.933 | 0.221 2.94 5.51 
2% 2.875 | 2.315 | 0.280 4.21 | 8.4 
3 3.500 | 2.892 | 0.304 6.57 |11.21 
3'4..| 4.000} 3.358 | 0.321 | 8.86 |13.7 
4.500 | 3.818 | 0.341 | 11.5 |16.4 
5 5.562 | 4.812 | 0.375 | 18.2 
6 6.625 | 5.751 | 0.437 | 26.0 (31.3 
8 8.625 | 7.625 | 0.500 45.7 |47.0 
10 10.750 | 9.750 | 0.500 A 74.7 |59.3 


Section 15 (c).—Revise this paragraph 
to read as recommended above in Section 
14 (d) of Specifications B 42. 

Section 15 (d).—-Add a new Paragraph 


(d) to this section to read as recom- 
mended above in Section 14 (e) of Speci i- 
fications B 42. 


Copper Tubing, Bright Annealed (8 
68 — 43): 


Section 10.—Change first sentence to 
read as follows: “It is to be expected that 
samples of all types of copper in these 
specifications will pass....” Startingat 
line 7, change to read: “Suitable samples 
shall be heated to a temperature of 8) 
to 875 C....” Starting at line 11, 
change to read: ‘“‘After their removal 
from the furnace, the samples shall be 
polished, etched if desired, and examined 
at a magnification of not less than 75 
diameters.” 

Table I.—Make the same changes in 
this table as recommended above in Ta- 
ble II of Specifications B 75. 

Section 14 (b).—Change this paragraph 
to read as recommended above in Section 
15 (b) of Specifications B 43. 


Standard Specifications for 


Water Tube (B 88-41): 


Section 2.—Delete item 4 (c) and re- 
letter item (d) accordingly. 

Section 12.—Add a new Paragraph (c) 
to read as follows: “(c) Expansion Test.— 
Standard Method of Test for Expansion 
(Pin Test) of Copper and Copper-Alloy 
Tubing (A.S.T.M. Designation: B 153).” 

Section 16 (b).—Change to read as 
recommended above in Section 15 (6) of 
Specifications B 43. 

Section 16 (c).—Delete this paragraph 
and reletter subsequent paragraphs ac- 
cordingly. 


Copper 


Standard Specifications for Copper- 
Silicon Alloy Rods, Bars, and Shapes 
(B 98-44): 


Section 1.—Change the first sentence 
to read as follows: “These specifications 
cover copper-silicon alloy rods, bars, and 
shapes.” Add a note at the end of this 
section to read ‘““Note.—Rods and bars 
for reforging are covered by the Tenta- 

_ tive Specifications for Copper-Base Alloy 
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Forging Rods, Bars, and Shapes (A.S. 
T.M. Designation: B 124).” 

New Section—Add a new Section 13 
on straightness tolerances to read as 
recommended above for Section 14 in 
Specifications B 21, renumbering the sub- 
sequent sections accordingly. 


Standard Specifications for Copper-Sili- 
con Alloy Wire For General Purposes 
(B 99-42): 


Section 1.—Change the first sentence 
to read: “These specifications cover 
round, hexagonal, and octagonal copper- 
silicon alloy wire. ...” 


TABLE XII.—DIMENSIONAL TOLERANCES. 


Tolerances, plus and minus,* 
in. 
Diameter or Distance Types A, Type B 
between Parallel CD 
Surfaces, in. 

Hexa- Hexa- 

gon, gon, 

Round Octa- Round Geta 

gon gon 
Up to 0.010, incl..........| 0.0002}....... 
Wer 0.010 to 0.020, incl.. .| 0.0003|....... 
Over 0.020 to 0.030, incl.. .| 0.0005)....... 
Over 0.030 to 0.040, incl.. .| 0.0007) 0.002 | 0.0004) 0.0008 
Over 0.040 to 0.050, incl.. .| 0.0008' 0.003 | 0.0005' 0.0010 
Over 0.050 to 0.060, incl.. .| 0.0010) 0.003 | 0.0006) 0.0012 
Over 0.060 to 0.080, incl.. .| 0.0015) 0.004 | 0.0008) 0.0016 
wer 0.080 to 0.150, incl...| 0.002 | 0.004 | 0.0010, 0.002 
wer 0.150 to 0.500, incl...| 0.002 | 0.004 | 0.0015; 0.003 
wer 0.500 to 0.750, incl...| 0.003 |....... 0. | PRESy 


* When tolerances are specified as all plus or all minus, 
louble the above values. 


Section 2.-Change item (3) to read 
“Diameter or distance between parallel 
surfaces (Section 11).” 

Table IT.—Make the following changes 
to this table: 


1) Change footnote d to footnote f and ac- 
cordingly change the reference to it in the table 
alter the word “spring” in the first column. 

2) Add a new footnote d to read as follows: 
Hard temper is not generally available in sizes 
ver 4 in.,”’ and add references to it in the right- 
hand column after the values 115,000 for types 
A, C, and D alloy wire and after the value of 
9,000 for type B alloy wire. 

(3) Add a new footnote e to read as follows: 
Spring temper is not generally available in 
sizes over 2 in.,”’ and add references to it in the 
ight-hand column after the values of 130,000 
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for types A, C, and D alloy wire and after the 
value of 100.000 for type B alloy wire. 

Section 11 (b).—Revise to read as fol- 
lows: ‘“The diameter of round sections or 
the distance between parallel surfaces in 
the case of other sections shall not vary 
from that specified by more than the 
amounts prescribed in the accompanying 
Table XII.” 


Standard Specifications for Copper and 
Copper-Alloy Seamless Condenser 
Tubes and Ferrule Stock (B 111 -— 43): 


Section 3 (a).—Revise this section by 
including a reference to Emergency 
Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate 
Provisions EA-B 111 which are to be 
withdrawn. 

Section 3 (b).—Revise to read as fol- 
lows: “Clean, new scrap resulting from 
manufacturing operations upon material 
complying with these specifications or 
clean scrap composed of materials of 
equal purity may be used.” 

Table I.—Make the following changes 
to this table: 

(1) For aluminum bronze: Add value of 
“().35 max.” under Arsenic, per cent. 

(2) For 70-30 copper nickel: Change value 
of maximum iron from “0.5” to read “0.6” 
per cent. 

(3) For 80-20 copper nickel (type A and 
type B): Change value of maximum iron from 
“0.5” to read “0.6” per cent. 

(4) For arsenical copper: Change value of 
minimum copper from “99.45” to read “99.40” 
per cent. 


Section 8.—Add a new Paragraph (c) 
to read as follows: “(c) The test shall 
be made as prescribed in the Standard 
Method of Test for Expansion (Pin Test) 
of Copper and Copper-Alloy Tubing 
(A.S.T.M. Designation: B 153).” 

New Section.—Add a new Section 9 
headed “Flattening Test” to read as 
follows, renumbering the subsequent Sec- 
tions accordingly: “9. Test tubes in the 
annealed condition shall be flattened on 
different elements throughout the lengths 


remaining after specimens for the ex- 
panding and metallographic tests have 
been taken. Each element shall be 
slowly flattened by one stroke of a press. 
The term ‘flattened’ shall be interpreted 
as follows: A micrometer caliper set at 
three times the wall thickness shall pass 
over the tube freely throughout the flat- 
tened part except at the points where the 
change in element of flattening takes 
place.” 
Section 9.—Renumber as Section 10 
and add a sentence to read as follows: 
“The mercurous nitrate test is not re- 
quired for copper or arsenical copper.” 


_ Standard Specifications for Manganese 
Bronze Rods, Bars, and Shapes (B 
138 43): 


Section 1.—Add a note at the end of 
this section to read as follows: ‘““NoTE.— 
Rods and bars for hotforging are covered 
by the Tentative Specifications for Cop- 
_ per-Base Alloy Forging Rods, Bars, and 
Shapes (A.S.T.M. Designation: B 124).”’ 

Section 8—Revise this section as 
recommended above in Section 8 of 
Specifications B 21. 

New Section—Add a new Section 14 
on straightness tolerances to read as 
recommended above for new Section 14 
in Specifications B 21, and renumber the 
subsequent sections accordingly. 


Standard Specifications for Leaded Red 
Brass (Hardware Bronze) Rods, Bars 
and Shapes (B 140 — 43): 


New Section.—Add a new Section 11 
on straightness tolerances to read as 
recommended above for new Section 14 
in Specifications B 21. 


ADOPTION OF TENTATIVES AS STANDARD 


The committee recommends that the 
following six tentatives be approved for 
reference to letter ballot of the Society 
for adoption as standard, with revisions 
in five as indicated. 
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Tentative Specifications for Copper- 
Base Alloy Forging Rods, Bars, and 
Shapes (B124-44T): without re. 
vision. 
Tentative Classification of Cast Copper- 
Base Alloys (B 119-40 T): 


Add “(Manganese Bronze)’ in the 
first column of the classifications desig- 
nated “High-Strength Yellow Brass.” 
Add a scope clause calling attention to 
the fact that this is a classification, not a 
specification; also include references to 
the available A.S.T.M. specifications by 
appropriate notes under “Remarks.” 
The classification, as revised, is ap- 
pended hereto." 

Tentative Specifications for Brass Wire 

(B 134-44T): 


Section 1.—Change the first sentence 
to read as follows: “These specifications 
cover round, hexagonal, octagonal, rec- 
tangular, and square brass wire.” 

Section 2,—Change item (3) to read: 
“Diameter or distance between parallel 
surfaces (Section 12).” 


Tentative Method of Test for Expansion 
(Pin Test) of Copper and Copper Alloy 
Tubing (B 153-41 T): 

Section 1.—Revise to read as follows: 
“This method covers the expansion pin 
test for copper and copper-alloy tubing 
in sizes up to and including 4 in. in out- 
side diameter.” 

Tentative Method of Mercurous Nitrate 
Test for Copper and Copper Alloys 
(B 154-41 T): 

Section 3.—Correct editorially, in line 
4 of Paragraph (a), line 4 of Procedure 
A, line 7 of Procedure B and line 8 of 
Paragraph (c), the amount of nitric acid 
from “10 ml.” to read “13 ml.” This 
will bring the method into conformity 
with the 1941 preprint of the Report of 
Committee B-5, which was approved by 
the Society without change. 

' This revised tentative classification was accepted by 


the Society and appears in the 1945 Supplement to Book of 
A.S.T.M, Standards, Part I. 
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Section 4(a).—Add to the end of this 
| paragraph the following: “...and shall 
” B be suitably degreased before testing.” 
Section 5.—After line 15 which reads 

per- FB “wiped off immediately with a clean 
ag,’ add a new sentence to read as 

nthe § follows: “In general the specimens shall 

esig- ff be examined at once, unless otherwise 

ass.” ff provided for in the individual specifica- 

n to tions.” 

| 

S to & Tentative Specifications for Copper- 

s by Alloy Condenser Tube Plates (B 171- 

ks,” 42 T): 

ap- Section 3 (a).—Revise this section by 
including a reference to Emergency 

Nire § Specifications ES-7, thereby eliminating 
the need of the Emergency Alternate 

ence Provisions EA-B 171 which are to be 

ions withdrawn. 

rece Table I—Change the maximum iron 
content of copper-nickel alloy from 

“0.50” to read “0.60”. 

lel ADOPTION OF TENTATIVE REVISIONS 

OF STANDARDS AS STANDARD 
tly The committee recommends the adop- 


tion as standard of the tentative revisions? 


n1944 Book of A.S.T.M. Standards, Part I, pp. 2003 
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issued in 1944 in the following two stan- ’ 


dard specifications: 


Standard Specifications for Manganese 
Bronze Rods, Bars, and Shapes (B 
138-43). 


Standard Specifications for Leaded Red 
Brass (Hardware Bronze) Rods, Bars, 
and Shapes (B 140 — 43). 


WITHDRAWAL OF STANDARDS 


Standard Specifications for Phosphor Tin 
(B 51-42): 


The committee recommends _ that 
Standard Specifications B51 be with- 
drawn, since they cover a material no 
longer in general use, 


Tentative Specifications for Beryllium- 
Copper Alloy Rods, Bars, Sheet, Strip, 
and Wire (B 120-41 T): 


The committee recommends that Spe- 
cifications B 120 be withdrawn since they 
are superseded by four new beryllium- 
copper alloy specifications appearing 


| | 
| 
vs: in this re 
“pe 
be | 
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REPORT OF COMMITTEE B-6 
ON 
DIE-CAST METALS AND ALLOYS* 


Committee B-6 on Die-Cast Metals Quality Aluminum-Base Alloy Die Cast- 

and Alloys held a meeting in New York, ings (ES — 29)! and the Emergency Speci- 

_ N.Y., on June 28, 1944, with an attend- fications for Special Quality Magnesium- 

ance of 26. Base Alloy Die Castings (ES — 40)! be 

A balance of $2500 was reported by continued as Emergency Standards with- 
Society Headquarters in the fund of out revision. 

Committee B-6 as of December 31, 1944. The recommendations appearing in 

At the present time the committee con- _ this report have been submitted to letter 

sists of 82 members, of whom 39 are ballot of the committee which consists of 


a classified as producers, 21 as consumers, 82 members; 59 members returned their 

and 22 as general interest members. ballots with the results shown in Table I. 
Subsequent to the 1944 Annual Meet- 

ing, Committee B-6 recommended to TABLE I.—ANALYSIS OF LETTER BALLOT VOTE 

_ Committee E-10 on Standards that the © anita 

_ Emergency Alternate Provisions apply- — Affir- | Nega- |Marked 
ing to the Standard Specifications for ase ‘ose Voting” 
Aluminum-Base Alloy Die Castings |—— 

(EA- B 85a) and to the Standard Specifi- | 

; cations for Zinc-Base Alloy Die Castings spec. for Copper-Base (Brass Al-| 

(EA B 86b) be withdrawn. This rec- he Gunes Fine] | | 
ommendation was accepted by Commit- Alloy Die Castings 


10 KF / ( 
tee E-10 on August 28, 1944. Il. EMERGENCY SPECIFICATIONS 
CONTINUED AS EMERGENCY 


I. TENTATIVE SPECIFICATIONS CON- STANDARDS ; 
TINUED AS TENTATIVE Quality Aluminum-Base Alloy 


Die Castings (ES - 29)...... 39 6 16 
The committee recommends that the Emergency Spec. for Special 


Tentative Specifications for Copper-Base ES 
(Brass) Alloy Die Castings (B176- — ——— 
42 T)' and the Tentative Specifications 

for Special Quality Zinc-Base Alloy Die ACTIVITIES OF SUBCOMMITTEES 
Castings (B 186 — 42 T)' be continued as 
tentative without revision. 


Subcommittee I on Aluminum-Base Die 
Casting Alloys (J. J. Bowman, chairman) 
II. EMERGENCY SPECIFICATIONS CON- recommended that the Standard Speci- 

TINUED AS EMERGENCY fications for Aluminum-Base Alloy Die 
STANDARDS Castings (B 85 - 42) be revised and re- 

The committee recommends that the verted to tentative and that Emergency 

| Emergency Specifications for Special Alternate Provisions EA — B 85a be with- 
* Presented at Forty-Eighth Annual Meeting of the drawn. In addition the subcommittee 


Book of A'ST.M. Standards, Part I. approved editorial revisions in Emer- 
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a On Drt-Cast METALS AND ALLOYS 


I gency Specifications ES - 29 consisting 


of changing the title to read “Special 
Quality Aluminum-Base Alloy Die Cast- 
ings” and referring to the product in the 
text of the specifications as “special qual- 
ity die castings.” 

The atmospheric exposure testing of 
test bars of alloys G2 (8 per cent mag- 
nesium, remainder aluminum) and SG2 
(9.5 per cent silicon, 0.5 per cent magne- 
sium, remainder aluminum) was started 
in November, 1944. The exposure tests 
are being conducted in a seacoast (Sandy 
Hook, N. J.) and an industrial (New 
York, N. Y.) atmosphere. 

Subcommittee IT on Zinc-Base Die Cast- 
ing Alloys (A. E. Weiss, chairman) ap- 
proved editorial revisions in the Tenta- 
tive Specifications B 186 — 42 T consist- 
ing of changing the title to read “Special 
Quality Zinc-Base Alloy Die Castings” 
and referring to the product in the text 
of the specifications as “special quality 
die castings.” 


A special sub-subcommittee, consisting 
of Messrs. J. R. Townsend, D. L. Col- 
well, D. Basch, and B. E. Sandell has 
under consideration revisions in the exist- 
ing mechanical property values in the 
Standard Specifications for Zinc-Base 


Alloy Die Castings (B 86-43). These 
same revised properties are to be incor- 
porated, along with other proposed revi- 
sions, in Tentative Specifications B 186 — 
42 T. 

A recommendation was made to Com- 
mittee B-2 on Non-Ferrous Metals and 
Alloys that the impurity limits in the 
special high grade slab zinc in Standard 
Specifications B 6-37 be lowered be- 
cause the present limits for lead and cad- 
mium in this grade of zinc are the same as 
the maximum amounts of these elements 
that can be tolerated in the zinc die- 
casting alloys. This recommendation 
was made for two reasons: namely, (/) 
because even under the best conditions 
some lead or cadmium may be picked up 
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in the alloying or die-casting operations, 
and (2) because it is not desirable to have 
the same impurity limits for both the 
finished product and the raw material. 
Inasmuch as the limits for lead and cad- 
mium have been found by tests to be the 
maximum safe limits for die castings, a 
spread in impurity limits between the 
raw material and the finished product 
can only be attained by lowering the 
limits for these elements in the specifica- _ 
tions for special high grade zinc. 

Subcommittee V on Exposure and Cor- 
rosion Tests (W.M. Peirce, chairman) re- 
called all of the zinc and aluminum alloy — 
test bars that were still being either out- 
door or indoor aged from those exposed 
in 1929, and the zinc and magnesium 
alloy test bars, scheduled to be returned © 
at the end of five years, from those ex- 
posed in 1939. Specimens in both cases 
were located in six outdoor and four in- 
door locations, although all of those at 
the outdoor location in Rochester, N. Y., 
were destroyed some time ago without — 
the committee’s knowledge. In addi- | 
tion, the committee also recalled twenty ; 
round and four flat tension bars of each | 
of two special purity aluminum and one | 
standard aluminum alloys from three 
outdoor locations after ten years of ex- 
posure. 

The services of twenty laboratories 
were secured for the testing of the above - 
specimens. Mechanical property data — 
for most of the specimens have already 7 
been received. 

Subcommittee VII on Magnesium-Base_ 
Die Casting Alloys (H. W. Schmidt, 
chairman) approved editorial revisions in 
Emergency Specifications ES 40 con-— 
sisting of changing the title to read “‘Spe-_ 
cial Quality Magnesium-Base Alloy Die 
Castings” and referring to the product in 
the text of the specifications as “special 
quality die castings.” 

Subcommittee VIII on Copper-Base 
(Brass) Die Casting Alloys (J. C. Fox, 
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sists of 82 members; 62 members re- 
turned their ballots, of whom 56 have 
voted affirmatively, and 1 negatively, 


chairman) reported some of the mechani- 
cal properties that were obtained on brass 
alloy die castings made by several pro- 
ducers from alloys both with the normal 
range of compositions as well as from 
alloys having the maximum and mini- 
mum impurity limits. 


This report has been submitted to 
letter ballot of the committee which con- 


EpiroriAL Notre 


Respectfully submitted on behalf of 
the committee, 
J. R. TownsEnp, 
Chairman 


{ 


G. L. WERLEY, 
Secretary. 


On June 27, 1945, the Administrative Committee on Standards accepted 
P recommendation of Committee B-6 that the following specifications be 


continued in their present form: 


Copper-Base (Brass) Alloy Die Castings (B 176 - 42 T), 
Special Quality Zinc-Base Alloy Die Castings (B 186 - 42 T), 


{ Tentative Specifications for: 


Emergency Specifications for: 


Special Quality Aluminum-Base Alloy Die Castings (ES — 29), and, 
Special Quality Magnesium-Base Alloy Die Castings (ES - 40). 
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During the past year, Committee B-7 
on Light Metals and Alloys, Cast and 
Wrought, held no meetings, partly be- 
cause of Government restrictions and 
partly because the specifications under 
the jurisdiction of the committee were 
reviewed completely last year. The Ad- 
visory Committee of Committee B-7, 
however, acted on a number of routine 
matters by correspondence and met in 
Pittsburgh, Pa., on April 12, to review 
the activities of the subcommittees, to 
elect a new vice-chairman, and to discuss 
the future work of the committee. 

Changes in membership of the com- 
mittee, approved by the Advisory Com- 
mittee, have increased the total to 60; 
of whom 27 are producers, 23 consumers, 
and 10 general interest members. R. W. 
Waring, vice-chairman of Committee 
8-7 and chairman of Subcommittee II, 
resigned because of change in employ- 
ment. The Advisory Committee elected 
Walter Bonsack to serve as vice-chair- 
nan, and I. V. Williams was appointed 
is chairman of Subcommittee II. 

Subsequent to the 1944 Annual Meet- 
ng, Committee B-7 presented to the So- 
‘iety through Committee E-10 on Stand- 
ads the following recommendations: 


keision of Tentative Specifications for: 

‘luminum-Base Alloys in Ingot Form for Sand 
Castings (B 58 - 42 T), 

Aluminum-Base Alloys in Ingot Form for Perma- 
nent Mold Castings (B 112-41 T), and 
luminum-Base Alle-s in Ingot Form for Die 
Castings (B 125 - 42 T). 


The first two recommendations were 
. "Presented at Forty-Eighth Annual Meeting of the 
June 27, 1945. 


REPORT OF COMMITTEE B-7 
ON 
LIGHT METALS AND ALLOYS, CAST AND WROUGHT* 


accepted! by Committee E-10 on No- 
vember 9, 1944, and the latter on No- 
vember 13, 1944. The revised tentative 
specifications appear in the 1944 Book 
of A.S.T.M. Standards, Part I. a 


RECOMMENDATIONS 
STANDARDS 


AFFECTING 


The committee is submitting one pro- 
posed new tentative specification and is 
recommending revisions in five tentative 
specifications,” the adoption as standard 
of three tentative methods, the continua- 
tion of a tentative specification as tenta- 
tive, and the revision of a standard for 
immediate adoption. The standard and 
tentatives affected are listed in Table I 
and the revisions recommended are given 
in detail in Appendix I. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 60 members, 
with the results shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommitice I on Aluminum and 
Aluminum Alloy Ingots (A. Sugar, chair- 
man).—Following the 1944 Annual 
Meeting, the subcommittee recom- 
mended revisions in Tentative Specifica- 
tions B 58 and B 112 which, as mentioned 
above, were accepted by Committee 
E-10 in November, 1944. The subcom- 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee B-7 reported the following 
results of the letter ballot vote from a committee member- 
ship of 57: B 58, affirmative 24, negative 1, ballots marked 
“not voting” 8; B 112, affirmative 24, negative 0, ballots 
marked “‘not voting’’ 9; B 125, affirmative 27, negative 1, 
ballots marked “not voting” 7. 

2 These specifications were accepted as tentative by 
the Society and appear in the 1945 Supplement to Book of 
A.S.T.M. ode, Paft I. See Editorial Note, p. 140. 
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mittee also was responsible for the re- 
visions in Tentative Specifications B 125 
which changes had been made to bring 
the specifications in line with the revi- 
sions made in the Tentative Specifica- 
tions for Aluminum-Base Alloy Die 
Castings (B 85-44 T)* on the recom- 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 
Affir- | Nega- |Marked 
Items mative| tive | ‘‘Not 
Voting”’ 
I. New TENTATIVE 
SPECIFICATIONS 
Spec. for Magnesium-Base Alloy 
Mold Castings 0 7 
Il. Revision of TENTATIVES 
Spec. for Magnesium- Base Alloy 
"Sand Castings (B 80 - 44 T) 32 0 6 
Spec. for Magnesium-Base Alloy 
Sheet (B 90 - 44 T) 28 0 10 
Spec. for Base ‘Alloy 
Forgings (B 91 - 44 T) 27 0 ll 
Spec. for Magne sium-Base Alloys 
in Ingot Form for Sand Cast- 
ings and Die Castings (B 93 - 
44 T) 32 0 6 
Spec. for Magnesium- -Base Alloy 
Bars, Rods, and Shapes 
(B 107 - 44 T) 0 7 
III. Apoption of TENTATIVES AS 
STANDARD 
Test for Sealing of Anodically 
Coated Aluminum (B 136- 
29 0 9 
Test ‘a Weight of Coating on 
Anodically Coated Aluminum 


(B 137 - 40 T) 29 0 9 
Test for Dielectric Strength of 
Anodized Aluminum (B 110- | 
39 T), with change intitle.....| 29 0 9 


IV. Revision oF STANDARD, 
IMMEDIATE ADOPTION 

Spec. for Magnesium Ingot and 
Stick for meet (B 92 - | 
41).. 0 9 
V. TrenratTive SPECIFICATIONS| 
CONTINUED AS TENTATIVE 
Spec. for Aluminum for Use in 


Iron and Steel Manufacture 
(B 37 - 42 T).. 


? 


| 
| 
| 
| 


mendation of Committee B-6 on 
Die-Cast Metals and Alloys. 

Subcommittee IIT on Wrought Alumi- 
num and Wrought Aluminum Alloys 
(P. V. Faragher, chairman).—The 
wrought alloy specifications under the 
jurisdiction of this subcommittee have 
become well established and crystallized 
during the war. No meetings of the 


3 1944 Book of A.S.T.M. Standards, Part I. 
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subcommittee were held and no changes 


in specifications were requested. The 
subcommittee has been inactive, but it is 
believed, howéver, that post-war cofi- 
sumer interest iff aluminum will riecessj- 
tate greater activity with respect to 
specifications for wrought aluminum 
products. 

Subcommittee IV on Magnesium and 
Magnesium Alloys, Cast and Wrought 
(H. W. Schmidt, chairman).—Magne- 
sium-base alloy permanent mold castings 
are becoming increasingly important, 
with the result that the committee was 
requested to prepare specifications cover- 
ing them. The committee has accord- 
ingly completed the proposed Tentative 
Specifications for Magnesium-Base Alloy 
Permanent Mold Castings,? which are 
recommended for publication as tenta- 
tive. 

Tn view of changes in.commercial prac- 
tices and in the corresponding Govern- 
ment specifications for the products 
covered, the subcommittee prepared 
revisions, as covered in Appendix I in the 
following tentative specifications which 
are being submitted at this time: 


Tentative Specifications for:* 


Magnesium-Base Alloy Sand Castings (B 80- 
44T), 

Magnesium-Base Alloy Sheet (B 90-44T), 

Magnesium-Base Alloy Forgings (B 91 - 44T), 

Magnesium-Base Alloys in Ingot Form for Sand 
Castings and Die Castings (B 93 - 44 T), and 

Magnesium-Base Alloy Bars, Rods, and Shapes 
(B 107 —- 44 T). 


Inasmuch as the composition limits 
now forming a part of the Standard 
Specifications for Magnesium Ingot and 
Stick for Remelting (B 92-41) do not 
reflect current commercial practice and 
do not secure for the consumer the 
quality of material needed, the revisions 
listed in Appendix I are being recom- 
mended for immediate incorporation in 
the standard. 

The subcommittee is cooperating with 
Subcommittee VIII of Committee B-3 
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on Corrosion of Non-Ferrous Metals and 
) Alloys in the development of a program 
for the atmospheric exposure of galvanic 
couples of magnesium with other metals. 
) This program is now completed and the 
. preparation of specimens will soon be 
taken in hand. 

Subcommittee V on Testing of Light 


Alloys (R. L. Templin, chairman).— 
The subcommittee held no meetings 
5 during the year because no problem con- 
; cerning mechanical testing pertinent to 
S the specifications coming under the 
. jurisdiction of Committee B-7 were re- 
- ferred to the subcommittee. 
e Changes in the Standard Methods of 
y Tension Testing of Metallic Materials 
e (E8-—42)* now being considered, if 
- adopted, will probably affect dimensions 
of test bars used in some of the specifica- 
.- tions under the jurisdiction of Com- 
1- mittee B-7._ No action will be taken by 
is Subcommittee V, however, until these 
d changes are adopted. 
e Recently certain questions with re- 
h spect to the measurement of elongation 


of low-ductility alloys have been brought 
to the attention of Subcommittee V and 
it is hoped that some experimental work 
)- can be sponsored by the subcommittee 
which will lead to satisfactory answers 


r), to the problems presented. 
nd Subcommittee VI on Anodic Oxidation 
nd of Aluminum and Aluminum Alloys 


(J. D. Edwards, chairman).—For several 
years, Subcommittee VI has been con- 
ducting an investigation comparing the 


its 

rd performance of anodic coatings in salt 
a spray and in weather exposure at various 
vr locations. The salt spray tests were 
oa completed and the results reported in 
oe connection with the 1943 report of Com- 
ee mittee B-7.4 In that report, some pre- 


in 
* J. D. Edwards, “‘A Comparison of the Performance of 
. Anodic Coatings on Wrought Aluminum Alloys When 
‘ith Exposed to Salt Spray and to the Weather,” Proceedings, 
B-3 Am. Soc. Testing Mats., Vol. 43, p. 182 (1943). 
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liminary information was given on the 
performance of the test coatings out- 
doors. These weather exposures have 
been continued for approximately three 
years, and it was decided to make a final 
examination and complete the report on 
this investigation. This has been done 
and the results are presented in Appendix 
II to this report. 

In accordance with the recommenda- 
tion of the subcommittee, the Tentative © q 
Methods of Test for Sealing of Anodically © 
Coated Aluminum (B 136-40 for 
Weight of Coating on Anodically Coated 
Aluminum (B 137-40 T),? and for Di- 
electric Strength of Anodized Aluminum 
(B 110-39 T)* are recommended for 
adoption as standard without revision 
with the exception of the title of Method 
B 110 which it is recommended be 
changed to read “Standard Method of 
Test for Dielectric Strength of Anodically 
Coated Aluminum.” 

Subcommitiee VII on Codification of 
Light Alloys (1. V. Williams, chairman). 
—A code system was developed several 
years ago to designate all of the alumi- 
num alloys covered by A.S.T.M. speci- 
fications. This code system has now 
been incorporated into the specifications 
under the jurisdiction of Committee B-7 
and Committee B-6 on Die-Cast Metals 
and Alloys. The basis of this code 
system is as follows: 


One or two letters are used to indicate the 
major alloying element present. If there is only 
one major alloy, only one letter is used. If there 
are two major alloying elements present, two 
letters are used. If the numbers following the — 
letters are below 20, it indicates that only those — 
elements designated by the code letters are 
present in the alloy. If the number is between — 
20 and 40, it indicates that there is one alloying | 
element present other than those indicated by 
the code letters. If the number is over 40, it 
indicates that there are two or more alloying — 
elements present other than those indicated by 
the code letters. Only those elements for which 7 
a minimum percentage is shown are used asa . 
basis for the code designation. 
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The code letters which have been used are as 
follows: 


C—Copper A—Aluminum 
S— Silicon M— Manganese 
G—Magnesium R—Chromium 


N—Nickel Z—Zinc 

_ The alloys in any group will be numbered in 
sequence as they are accepted for inclusion in 
A.S.T.M. standards. In setting up the code, 
the alloys containing the smallest amount of 
alloying elements or impurities were given the 
lowest numbers; however, this method cannot 
always be followed as new alloys are added 
since it is not planned to change the numbers 
of existing alloys. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 60 members; 38 members re- 
turned their ballots, of whom 37 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
D. L. CoLWELL, 


Chairman. 
J. J. Bowman, © 
Secretary. 


EDITORIAL NOTE 


As indicated in the Summary of Proceedings, p. 5, a number of recom- 
mendations affecting tentatives referred to in the report were submitted by 
Committee B-7 and accepted by the Administrative Committee on Stand- 


ards on June 27, 1945. 


The revised tentatives appear in the 1945 Supple- 
ment to Book of A.S.T.M. Standards, Part I. 
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APPENDIX I 


RECOMMENDATIONS AFFECTING STANDARDS FOR LIGHT METALS 


AND ALLOYS, CAST AND WROUGHT 


I. NEw TENTATIVE SPECIFICATIONS 


Tentative Specifications for Magnesium- 
Base Alloy Permanent Mold Castings! 


The committee recommends that these 
specifications be accepted for publication 
as tentative. 


II. REvIsIONS OF TENTATIVE 
STANDARDS 


The committee recommends that the 
following five tentative specifications be 
revised as indicated below and continued 
as tentative. 


Tentative Specifications for Magnesium- 
Base Alloy Sand Castings (B 80- 
44T): 


In order to include an alloy which is 
finding increasing use in pressure-tight 
castings or where sound castings are re- 
quired, add a new alloy A8& (formerly 
designated alloy No. 1). Accordingly, 
make the following revisions: 

Section 1—Change the second sen- 
tence to read as follows: “Seven types of 
alloys are specified and are designated 
alloys Nos. A8, A10, A12,..... 2 

Table I—Add to the present table the 
chemical requirements for new alloy A8 
(including A8X) as prescribed in the 
accompanying Table I. 

Change the nickel content for all 
grades except AZ63X and AZ92X from 
“0.03” to read “0.01” max. per cent. 


‘These specifications were accepted as tentative by 
the Society and appear in the 1945 Supplement to Book of 
A.S.T.M. Standards, Part I. 


This change is made to bring these alloys 
in line with Government specifications. 

Table II—Add to the present table 
the tensile requirements for new alloy 
A8 (including A8X) as prescribed in the 
accompanying Table IT. 

Explanatory Notes——Add an explana- 
tory note covering alloy A8 to read as 
follows: “Alloy A8-——This alloy has a 
specific gravity of about 1.80. It is used 
in the as-cast, heat-treated, and heat- 
treated-and-aged conditions. This al- 
loy will produce castings having the 
maximum soundness with moderate me- 
chanical properties.” 

Include alloy A8X in the Explanatory 
Note covering alloys AZ63X and AZ92X, 
making the heading read “Alloys A&8X, 
AZ63X, and AZ92X.” 

Revise the second sentence of the ex- 
planatory note for alloy AZ92 to read as 
follows: “‘It is used where good soundness 
and mechanical properties are required.” 

In the explanatory notes for alloys 
A10, A12, AZ63, M1, AZ101, and AZ92 
delete the sentence reading as follows: 
“The copper and nickel contents should 
be kept low to minimize corrosion.’” 

Add to Table III the following values 
for alloys A8 and A&8X:? 


Unit Deformation, 


Typical 
Condition or 
Minimum 


Alloy 


inch per inch of 
gage length 


Yield Stren 
per cent o 
min., psi. 


| 


A8 and A&X. 


> 


Heat treated minimum 


and ag 


| 
- 
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142 


Tentative Specifications for Magnesium- 
Base Alloy Sheet (B 90-44T): 


Since it is questionable if alloys AZ61 
and AZ31 will again be produced com- 
mercially, delete all references to these 
alloys in these specifications. 

Alloy AZ61X will be continued for 
another year. However, at that time 
it will be replaced by a new alloy AZ51X 
(to be included in these specifications at 
this time) which has been approved by 


TABLE CHEMICAL REQUIREMENTS. 
lige 
Alloy | sium, 5 es! 
_ — 
| | | | 
AS..... remain- | 7.80.15| 0.3) 0.3'0.05,0.01 | 0.3 
der to | 
9.2! | 
A8X remain-| 7.80.15) 0.3, 0.3 
er to | 


} 9.2) 
TABLE II1.—TENSILE REQUIREMENTS. 


SHE 
{i 23 000 | 3 
A8 and Heat treated...... 32 000 7 
A8X | Heat treated and 
\ 32000 | 12000 4 


the armed ienten for aeronautical use. 
The new alloy has increased toughness, 
cold formability, and equally good weld- 
ing characteristics. The minimum me- 
chanical properties are the same as for 
alloy AZ61X. Allof the sheet producers 
will be manufacturing this alloy in place 
of alloy AZ61X. It is suggested, there- 
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TABLE --CHEMICAL REQUIREMENTS. 


fore, that the new alloy AZ51X be in- 
cluded in these specifications in order 
that they agree with the Government 
specification. 

In order that alloy M1 agree with the 
Government specification, it is proposed 
to limit the nickel content of this alloy. 
The change would not affect any manu- 


TABLE IV. —TENSILE REQUIREMENTS. 


| 
- 
| 
: Tensile 
Alloy Condition Strength, | 
min., psi. | HOS 
{| Hard rolled 
AZ31X....4| (H) 39000 min. | 29000} 4 
(A).| 40000 max.* | ..... 12 
AZs1X {| Hard rolled | 
and | 42000 min. | 30000, 3 
AZO1X. (A) | 46000 max.* | ...... 8 
f Hard rolled | 
Mi 32 000 min. 22 000 3 
(A) | 38 000 max." | ...... 12 


To insure complete ‘annealing. 


facturer since all sheet is now made t0 
the lower limit. 

In accordance with the above, make 
the following changes: 

Section 1.—Change editorially the 
second sentence to read as follows: ‘Four 
types of alloys are specified and are 
designated alloys AZ31X, AZ51X, 
AZ61X, and M1 (see Explanatory Note 
1).” 

Table I—Replace the present table 
on chemical requirements with the ac- 
companying Table III. 

Table II—Replace the present table 
on tensile requirements with the accom- 
panying Table IV. 

Section 6—Revise to read as follows: 


| | Other 

Man- |C Cal- | 
Silicon, Copper,) Nickel,| Iron Impur 
Alloy Magnesium, | Aluminum, |ganese,| Zines | max.| max; | CM | ‘ies 
per cent! per cent|per cent per cent! per cent per cent max., 
| | per ce 
AZ31X remainder | 2.5 to3.5 | 0.20 | 0.6 to 1.4 0.3 | 0.05 0.005 | 0.005 0.3 0.3 
re remainder | 4.1 to5.5 | 0.15 | 0.4 to1.3 0.3 0.05 0.005 | 0.005 0.3 0.3 
remainder | |} 1.20 0.3 | 0.05 0.01 0.3 0.3 
i csicceated remainder | 5.8to7.2| 0.15 | 0.4to1.5 | 0.3 | 0.05 | 0.005 | 0.005 | 0.3 | 0.3 
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if RECOMMENDATIONS ON STANDARDS 


“The tension test specimens shall be cut 
in the direction of rolling or longitudinal 
direction and shall be machined to the 
form and dimensions shown in Fig. 1.” 

Explanatory Notes—Delete Note 1 
and substitute the following: 


Note 1.—The resistance to salt water corro- 
sion of the X grade alloys is substantially the 
same and superior to alloy M1. All of the 
alloys have a specific gravity of about 1.8. 

Alloy M1.—This alloy has the best rolling 
characteristics. It is used where weldability 
and hot forming are primary considerations. 

Alloy AZ31X.—In the annealed condition 
this alloy has the best cold formability and 
toughness. In the hard-rolled condition this 
alloy has substantially the same strength as 
alloy AZ51X but with improved toughness. It 
is the general purpose high-strength alloy. 

Alloy AZ51X.—This alloy is used where 
strength and weldability are the primary 
factors. This alloy is replacing Alloy AZ61X. 

Alloy AZ61X.—This alloy has the same 
strength as alloy AZ51X but somewhat less 
toughness. It is being replaced by Alloy AZ- 

NotE 2.—In Table III, delete in the first 
column reference to alloys AZ31 and AZ61, and 
add the following values for alloy AZ51X: 


Yield Strength | Unit Deforma- 

(0.2 per cent, | tion, inch per 

off-set), min., inch of gage 
psi’ length 


30 000 0.0066 


Tentative Specifications for Magnesium- 
Base Alloy Forgings (B 91 44 T): 


Since it is questionable if alloys AZ61, 
AZ80, and AZ31 will again be produced 
commercially and since alloys AZ33 and 
AZ33X are obsolete, delete these five 
alloys from these specifications. Ac- 
cordingly, make the following revisions: 

Section 1.—Change editorially the 
second sentence to read as_ follows: 
“Four types of alloys are specified and 
are designated alloys AT35, AZ31X, 
AZ61X, and AZ80X (see Explanatory 
Note 2).” 

Table I—Delete all requirements for 
alloys AZ61, AZ80, AZ33, AZ33X, and 
AZ31 from the present table on chemical 
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requirements including reference to them 
in footnote a at the foot of the table. 
Table IIT.—Replace the present table 
on tensile requirements with the accom- 
panying Table V. The aged condition 
has been added to alloy AZ80X as this 


condition gives the highest strength of 


any of the forging alloys, The com- 
pression yield strength is particularly 
good in this condition. 


Seclion 6.—At the end of the first sen- — 


tence, delete the phrase “and where 
practicable shall be taken from a full 
sized prolongation of the forging.” This 
practice comes from aluminum propeller 
forgings and is never used with mag- 
nesium forgings. 


Explanatory Notes.—Delete Note 2 in 


its entirety and substitute the following: 


Note 2.—The resistance to salt water corro- 
sion of all of the X grade alloys is substantially 
the same and superior to alloy AT35. The iron 
and nickel are controlled to low limits. 


TABLE V.—TENSILE REQUIREMENTS. 


Yield El 
Tensile Strength? 

Alloy Strength, (0.2 per an in., 

min., psi. |cent offset), | 
min., psi. 
ne 34 000 19 000 6.0 
RS 38 000 22 000 6.0 
<r 42 000 26 000 5.0 
AZ80X (aged) 42 000 28 000 2.0 
T35 paied- 36 000 22 000 7.0 


@ See Explanatory Note 3. 


TABLE VI.—CHEMICAL REQUIREMENTS. 


| 18 | 
Alloy | sium, |& le |Eg ee] 
- |percentie je g° 
it IN | 4 = |O 
A8 remain- 8.0.0.180.20| 0.2/0.040.01 | ....| 0.3 
der to | | | | 
A8X_..| remain- | 8.00.18 0.20, 0.2 0.04 0.003 0.003 0.3 
der | to | | 
| 9.0 | 
| a 


Alloy AZ31X.—This alloy has a specific 
gravity of about 1.77. It has better press 
forging characteristics than any of the other 
alloys and may be worked on mechanical 


presses. 
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Alloy AZ61X.—This alloy has a specific 
gravity of about 1.81. The forgeability and 
mechanical properties are intermediate between 
those of alloy AZ31X and AZ80X. 

Alloy AZ80X.—This alloy has a specific 
gravity of about 1.83. It is used for hot press 
forgings of relatively simple design requiring 
maximum mechanical properties. 

Alloy AT35.—This alloy has a specific gravity 
of about 1.87. It is the best hammer forging 
alloy. 


Table III.—Replace the present Table 
III with the following t table: 


| Yield Strength | Unit Deforma- 
| (0.2 per cent | tion, inch per 
Alloy | offset), min., inch of gage 


psi. length 
ee 22 000 0.0054 
AZ31X 19 000 0.0049 
AZ61X... 22 000 0.0054 
AZ80X 26 000 0.0060 
AZ80X (aged) pase 28 000 0.0063 


Tentative Specifications for Magnesium- 
Base Alloys in Ingot Form for Sand 

Castings and Die-Castings (B93 - 
44T): 


Section 1—Change the third sentence 
to read as follows: “Nine types of alloys 
are specified and are de signated alloys 
Nos. A8, A10, A12,. 

Table I. Add to the present table the 
chemical requirements for new alloy. A& 
(including A8X as prescribed in the ac- 
companying Table VI). 

In order to allow this ingot to be used 
for making castings in accordance with 
Government specifications, change the 
requirements for nickel for alloys Nos. 
A10, A12, AZ63, Mi, AS100, AZ90, 
AZ101, and AZ92 from “0.02” to read 
“0.01” max., per cent. 


Tentative Specifications for Magnesium- 
-- Alloy Bars, Rods, and Shapes 
(B 107-44 T): 


As recommended above in Specifica- 
tions B 91-44 T, delete the five alloys 
mentioned, and accordingly make the 
following revisions: 

Section 1.—Change editorially the 
second sentence to read as follows: “Four 


types of alloys are specified and are 
designated alloys AZ31X, AZ61X, 
AZ80X, and M1 (see Explanatory Note 
1).” 

Table I—Delete all requirements for 
alloys AZ61, AZ80, AZ33, AZ33X, and 
AZ31 from the present table on chemical 
requirements including reference to them 
in footnote a at the foot of the table. 

Change the requirement for zinc in 
alloy AZ31X from “0.7 to 1.3” to read 
“0.6 to 1.4” per cent. 

Change the requirement for nickel in 
alloy M1 from “0.03” .to read “0.01” 
max., per cent. 

Add a new column to the table (before 
the last column) with a heading to read 
as follows: “Calcium, max., per cent” 
and a requirement for alloy M1 only, 
to read “0.3.” 

The above changes are in accordance 
with Government specifications and com- 
mercial production. 

Table II.—Replace the present table 
on tensile requirements with the accom- 
panying Table VII. 

Explanatory Notes——Delete Note 1 in 
its entirety and substitute the following: 

TABLE VII.—TENSILE REQUIREMENTS. 


a 
3 [au 
Alloy Shape and Size nage | 
oN 
| 
| & | 
Round and square | 
up to 1% in.......| 35000} 22000| 10 
Structural shapes...| 34000! 20000/| 10 
Round and square 
AZ61X..... up to 14% in.......| 40000; 26000; 11 
Structural hopes. 40 000 | 22000} 10 
{| Round and square | 
AZ80X up to 14% in.......| 43 000 | 28000; 9 
\| Structural shapes..., 40000! 25000! 5 
AZ80X Round and square 
(aged) .. up to 14%in.......| 45000, 30000} 5 
Structural shapes...| 44000| 27000, 4 
AZ80X | Round and square | 
(heat up to14in....... 48000 33000} 4 
treated | Structural ..147000| 30000} 
and aged) | 
| Round and square 
up to 14in....... 30000| ..... 3 
-| 29000} ..... 2 


sion 
same 
have 
A 
char: 
A 
char. 
prop 
A 
char: 
medi 
A 
cond 
T 


AZ61> 
AZ803 


AZ80 


AZ80) 
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ia RECOMMENDATIONS ON STANDARDS 


Note 1.—The resistance to salt water corro- 
sion of the X grade alloys is substantially the 
same and superior to alloy M1. All the alloys 
have a specific gravity of about 1.8. 

Alloy M1.—This alloy has the best extrusion 
characteristics. 

Alloy AZ31X .—This alloy has good extrusion 
characteristics and moderate mechanical 
properties. 

Alloy AZ61X.—This alloy has extrusion 
characteristics and mechanical properties inter- 
mediate between alloys AZ31X and AZ80X. 

Alloy AZ80X .—In the heat-treated and aged 
condition this alloy has the highest mechanical 
properties of any of the extrusion alloys. 


Table III.—Replace the present Table 
III with the following table: 


Shape and Size 


Yield Strength (0.2 
per cent offset), 
min., psi. 
nit Deformation, 
inch per inch of 
gage length 


Round and square 
to 1% in. 
Structural shapes 


22 000 
20 000 


‘| Round and square 
{| to 14 in. 
Structural shapes 


AZ61X 26 000 


22 000 | 0.0054 
| Round and square 
to 1% in. 


0.0063 
Structural shapes 


0.0058 


AZ80X 28 000 


25 000 


{| Round and square 
AZ80 (aged) 4 to 1% in. 


....| 30 000 
|| Structural shapes .... 


| 27 000 


0.0066 
0.0062 


AZ80X (heat 
treated and/ 
aged) | 


Round and square 
to 114 in. 
Structural shapes 


up 

33 000 
30 000 


0.0071 
0.0066 
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Revision or STANDARD, 
IMMEDIATE ADOPTION 


The committee recommends that the 
following standard specifications be re-— 
vised as indicated below and continued — 
as standard. 


Standard Specifications for Magnesium | 
Ingot and Stick for Remelting (B 92 - 
41): 


Section 3.—Revise the table in this — 
section to agree with the following: 


Total of aluminum, copper, iron, manganese, 
nickel, and silicon, max., per cent 

Copper, max., per cent 

Nickel, max., per cent 

Magnesium, by difference, min., per cent 


This change is being made to bring 
these specifications in line with com-— 
mercial production and to insure that 
this ingot can be .used to make the 
various magnesium wrought products 
described in A.S.T.M. Specifications 
B 90-44 T, B91-44T, B 107-44T, 
etc., as the X grade of alloys. The 
product specifications noted above limit 
the nickel content to 0.005 max. per cent. 


| 
] 
Alloy 0.20 
0.02 
| 0.001 
99.80 
4 AX31X ; 
= 
_ 
4 
~ 
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In 1941, Subcommittee VI on Anodic 
Oxidation of Aluminum and Aluminum 
Alloys of Committee B-7 inaugurated a 
series of tests to evaluate the salt spray 
test as a measure of the protective 
quality of anodic coatings. For this 
test, two different aluminum alloys 
were selected and given a variety of 
anodic coatings. The series comprised 
eight different test specimens and suffi- 
cient samples were anodically coated to 
supply the six cooperating laboratories. 
Salt spray tests were conducted in four 
Yaboratories and weather-exposure tests 
by five. A preliminary report giving 
the results of the salt spray test was 
presented in 1943.2. The parallel weather 
exposure tests have proceeded to such an 
extent that a final report can now be 
prepared. 

The results of the salt spray tests are 
summarized in Table I, which also 
includes a description of the panels. In 
the salt spray test as conducted by 
three laboratories, none of panels Nos. 
2 to 7, inclusive, showed any failure in 
the first 700 hr. of exposure to salt 
spray. Panels Nos. 8 and 9 began to 
show attack in the period of 200 to 700 
hr. of salt spray exposure. In fact, 
some of the panels showed no failure 
after 6 months’ exposure to salt spray. 
A 700-hr. exposure period is about as 
long as is practical for an accelerated 
test. In fact, it is usually too long for 
an acceptance test. 

1 Assistant Director of Research, Aluminum Company 


of America, New Kensington, Pa. 
2 — Am. Soc. Testing Mats., Vol. 43, p. 182 
3). 
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APPENDIX II 


A COMPARISON OF THE PERFORMANCE OF ANODIC COATINGS 
EXPOSED TO SALT SPRAY AND TO THE WEATHER 


PREPARED BY D.' Epwarps! 


3 


The panels exposed to the weather 
varied greatly in appearance, depending 
on the particular panel and place and 
period of exposure. This difference in 
appearance was largely due to variations 
in the amount of dirt accumulated on the 
panels. The manner of failure of the 
coating was usually a breakdown of the 
oxide at points, followed by a small 
accumulation of corrosion products. 
This resulted in some roughening of the 
surface, and this roughness greatly 
facilitated the accumulation of dust 
and soot. In some cases this embedded 
dirt was so adherent that it was not 
readily removed with soap and water, 
which was the method of cleaning speci- 
fied in the test program. 

The method finally decided upon for 
evaluating the condition of the panels 
was to rate them in order with regard to 
freedom from corrosive attack. The 
best panel in each series exposed in a 
particular location was rated No. 1 and 
the panel showing most attack was rated 
No. 8. These ratings are purely relative 
and are not quantitative. For example, 
the condition of a panel rated No. 5 in 
one series may differ appreciably from 
another panel rated No. 5 after exposure 
at another location. Some of the panels 
were not available for examination by 
the author, and their relative rating had 
to be based on an interpretation of a 
report from the laboratory making the 
exposure. 

Because the general darkening of the 


Pan 


7 


TABLE I.— 


EFrrect oF SALT SPRAY ON ANODIC COATINGS 


DESCRIPTION OF TEST PANELS AND RESULTS OF SALT SPRAY TESTS. 


Time of |Thickness ttack In Salt Spray, hr. 
. au . 
Specimen Electrolyte Coating, a Cont 

8, | Labora- | Labora- | Labora- 
tory A tory B tory C 
52S Sulfuric acid | Hot water 20 0.00028 None* Nonet Nonet 
52S Sulfuric acid Hot water 30 0.00039 None* Nonet Nonet 
52S Sulfuric acid Dichromate 10 0.00012 None* 1100 Nonet 
52S Sulfuric acid Dichromate 20 0.00029 None* Nonet Nonet 
52S Sulfuric acid Dichromate 30 0.00037 None* Nonet Nonet 
17S-T Sulfuric acid Dichromate 30 0.00041 None* Nonet Nonet 

17S-T Chromic acid No seal 30 0.00005 600 200 200 

17S-T Sulfuric acid Hot water 30 0.00033 600 700 200 


s oT he rating “none” includes those panels showing only a a few small pinhole points of attack. 


* After 6 months’ exposure. 
+ After 2100 hr. (about three months) exposure. 
t After 700 hr. exposure. 


TABLE II..-RELATIVE ATTACK ON PANELS AS 
OBSE RVED AFTE R CLEANING.® 


| Labora- | Labora- | Labora- | Labora | Sum- 


mary 
tory B tory C | tory E | 
Panel of 
| 
~ | ,, | Front 
5 and 
8) | Back 
| Sore 
No. 3.. 312 4iZsiéeisz 5 2 2 
7 
2 7 3 6 3 4 3 3 
1 3 1 2 1 1 
Se 5 6 2 5 2 7 2 | 6 | 60r5 
No. 8 8 
‘No.9 4 


@ Laboratory .-A—New Kensington exposure, 42 
months. 
Laboratory B—Philadelphia exposure, 42 months. 
Laboratory C—New York exposure, 36 months. 
Laboratory E—Chicago exposure, 45 months. 


surface with soot and dust interfered 
with a precise determination of the de- 
gree of attack, the panels from four 
exposure stations, which were available, 
were cleaned front and back on half of 
the surface. This cleaning was done by 
rubbing with cheesecloth, warm water 
and a mild abrasive cleaner. After this 
cleaning, another comparison was made 
of all of these panels by R. B. Mears and 
the author. The results of this exami- 
nation are given in Table II. This 
method of rating is not without objec- 
tion, but the net result seems reliable 
and the method is very helpful in pre- 
senting a word picture of the test. 
Similar ratings based on the examination 
before cleaning (referred to in the pre- 


vious paragraph) are in general agree- 
ment with those presented in Table II. | 

It is obvious from an examination of 
the test panels that the character of the © 
exposure differed at the different loca- 
tions. All of these locations are what 
might be described as “industrial.” 
The Philadelphia exposure, however, 
seemed to be the most severe. The New 
York and New Kensington exposures 
produced the least attack, while that of 
Chicago was intermediate. The degree 
of attack seemed to be connected with 
the amount of dirt accumulated on the 
panels. The two effects are not inde- 
pendent, but general experience seems to 
indicate that breakdown of the coating 
may eventually result at points where 
moist soot or dirt have remained in- 
contact with the coating for extended r 
periods. The pitting and dirt accumula- 
tion are worst on the backs of the panels 
since the backs are not freely washed by — 
rain and remain moist the longest. 

In comparing the ratings in Table II 
with the characteristics of the coatings, 
the conclusion seems warranted that 
resistance to attack increases with thick-_ 
ness of coating, and that the dichromate- 
sealing procedure lends somewhat greater — 
resistance than the water-sealing proce- 


dure. Coatings on 52S alloy show less 
attack than equivalent coatings on 
17S-T 
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f The principal objective of these ex- 
periments was to determine to what 
extent the salt spray test would predict 
the behavior of anodic coatings under 
service conditions. ‘The results indicate 
that a coating which shows early failure 
during exposure to salt spray will show 
low durability on outdoor exposure. 
Panel No. 8 showed the poorest per- 
formance both in salt spray and in 
weather exposure. Panel No. 9, which 
was one of the first two panels to fail in 
the salt spray test, was given a rating 
of 4 in the weather exposure test. 
However, in a marine exposure (not 
included in Table II), panel No. 9 was 
given a rating of 7 after 31 months’ 
exposure; this behavior is in better 
agreement with the salt spray tests. 
Panel No. 4 was among the two poorest 
panels in the weather-exposure test, but 
did quite well—up to 700 hr.—in the 
salt spray test. On continued exposure 
to salt spray, however, it eventually 
broke down. It would appear that 
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thickness of coating is a more important 
consideration in a long period of weather 
exposure than in a short salt spray test. 

One of the extensive uses of anodic 
coatings is as surface preparation for 
painting. In this type of service, the 
coating is not directly exposed to the 
weather, so that weather-exposure tests 
are not necessarily a measure of the 
serviceability of a coating as a base for 
paint. 

The general conclusion to be drawn 
from these tests is that early failure in 
salt spray indicates a coating of inferior 
protective quality. However, because 


. of differences in the characteristics of the 


coatings themselves and in service con- 
ditions, only an approximate correlation 
can be expected between the weather- 
exposure test and the salt spray test in 
the case of the more resistant coatings 
such as show little or no attack in the 
first few hundred hours of the salt spray 
test. 


Con 
Metall 
during 
New 

Am 
was he 
1945, 
the cor 
the Sp 
were 

The 
now t 
as pre 
genera 
ing m 


R 


The 
propo: 
had fe 
gency 
revisic 
adopt! 
tive, ; 
of sul 
fected 
revisic 
detail 

The 
this re 
ballot 
of 74 
showr 


>, 
= 4 
Soder 


Committee B-8 on Electrodeposited 
Metallic Coatings held one meeting 
during the year, on June 28, 1944, in 
New York, N. Y. 

A meeting of the Advisory Committee 
was held in Pittsburgh, Pa., on March 2, 
1945, in place of the regular meeting of © 
the committee which was cancelled when — 
the Spring group meetings of the Society 
were cancelled. 

The membership of the committee 
now totals 87, of whom 33 are classified 
as producers, 10 as consumers, 43 as 
general interest members, and 1 consult- 
ing member. 


RECOMMENDATIONS AFFECTING 
STANDARDS 

The committee is submitting two 
proposed new tentatives, one of which 
had formerly been issued as an emer- 
gency standard, and is recommending 
revisions in four tentatives' and the 
adoption as standard of a revised tenta- 
tive, as referred to under the activities 
of subcommittees. The tentatives af- 
fected are listed in Table I and the 
revisions recommended are given in 
detail in the Appendix. 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 74 voting members with the results 
shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Specifications (K. G. 
Soderberg, chairman) has reviewed the 


_ *Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 
‘See Editorial Note, p. 150. 


REPORT OF COMMITTEE B-8 
ON 

ELECTRODEPOSITED METALLIC COATINGS* 


specifications under its jurisdiction and 
recommends that the Emergency Specifi- 
cations for Electrodeposited Coatings of 
Lead on Steel (ES — 31), revised as 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affi 

‘Affir- | Nega- |Marked 

Items mative| tive “Not 
Voting’’ 


I. New TENTATIVE 
SPECIFICATIONS 


Spec. for Electrodeposited Coat- 
ings of Lead on Steel (formerly 
issued as Emergency Specifi- 
cations ES - 31) REA 0 16 

Spec. for Chromate Finishes on 
Electrodeposited Zinc Hot- 
Dipped Galvanized, and Zinc 
Die-Cast Surfaces............ 50 0 10 


II, REVISION OF TENTATIVES 
Spec. for Electrodeposited Coat- 
ings of Nickel and Chromium 
on Steel (A 166 - 41 T) = 47 2 11 
Spec. for Electrodeposited Coat- 
ings of Nickel and Chromium 
on Zinc and Zinc-Base Alloys 
Test for Local Thickness of 
Electrodeposited Coatings 
56 0 4 
Rec. Practice for Chromium 
Plating on Steel for Engineer- 
ing Use (B 177-43 T)........ 49 0 11 


III. ADopTion oF TENTATIVE 
SPECIFICATIONS AS STANDARD 


Spec. for Electrodeposited Coat- 
ings of Nickel and Chromium 
on Copper and Copper-Base 
Alloys (B 141 - 41 T), as re- 


IV. TENTATIVE RECOMMENDED 
Practice CONTINUED AS 
TENTATIVE 
Rec. Practice for Preparation 
of Low-Carbon Steel for Elec- 

troplating (B 183-43 T)...... 52 0 8 


appended hereto,’ be accepted for publi- 
cation as tentative.' It recommends 
further that the Tentative Specifications 

2 These specifications and methods were accepted as 


tentative by the Society and appear in the 1945 Supple- 
ment to Book of A.S.T.M. Standards, Part I. 
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for Electrodeposited Coatings of Nickel preliminary work relative to a series of 
and Chromium on Copper and Copper- atmospheric exposure tests on electro- 
Base Alloys (B 141 — 41 T)* be revised plated coatings of copper-nickel-chro- 
and approved for reference to letter mium on high-carbon steel of bumper- 
ballot of the Society for adoption as _ bar grade. 
standard, and that the following tenta- Subcommittee IIT on Conformance Tests 
tives be revised as’ indicated in the (C. H. Sample, chairman) reviewed the 
Appendix and continued as tentative: paper by Samuel Lipson on “A New 
Coating Thickness Gage,’ and recom- 
Tentative Specifications for: mended that the committee sponsor 
4 and Chro- presentation of the paper to the Society. 
mium on steel (/ > 
Electrodeposited Coatings of Nickel and Chro- °, “2commilice V on Supplementary 
mium on Zinc and Zinc-Base Alloys (B 142 - Finishes for Metallic Coatings (L. G. 
417), Tubbs, chairman) prepared the Specif- 


- Tentative Methods of Test for Local Thickness cations for Chromate Finishes on Elec-- 


Tentative Recommended Practice for Chromium ized, and Zinc Die-Cast Surfaces ; which 
_ Plating on Steel for Engineering Use (B177- fe recommended for publication as 


43 T) tentative. 


It is recommended that the Tentative 
Recommended Practice for Preparation 
of Low-Carbon Steel for Electroplating 

q (B 183 - 43 T)* be continued as tentative 
without revision. 
Subcommittee II on Performance Tests 
_(H. A. Pray, chairman) has continued 
the atmospheric exposure tests on elec- 
- trodeposited lead coatings on steel. The 
_ results of inspections to date are sum- 
marized in the report of this subcom- 
mittee which is appended hereto. 
The subcommittee has also completed 


3 1944 Book of A.S.T.M. Standards, Part I. 


This report has been submitted to 
letter ballot of the committee which 
consists of 74 voting members; 60 mem- 
bers returned their ballots, of whom 58 
have voted affirmatively, and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 
R. J. McKay, 
Chairman 
C. H. SAMPLE, 
Secretary. 


* ASTM Buttetin, No. 135, August 1945, p. 20. 


EpItoRIAL 


Subsequent to the Annual Meeting, Committee B-8 presented to the Society 
through the Administrative Committee on Standards the following recom- 
mendations: 

New Tentative Specifications for: 

Electrodeposited Coatings of Lead on Steel (B 200-45 T) to supersede 

Emergency Specifications ES — 31, 
Chromate Finishes on Electrodeposited Zinc, Hot-Dipped Galvanized, and 
Zinc Die-Cast Surfaces (B 201 - 45 T), 

Revised Tentative Specifications for: 

Electrodeposited Coatings of Nickel and Chromium on Steel (A 166 - 45 T), 

Electrodeposited Coatings of Nickel and Chromium on Zinc and Zinc-Base 


Alloys (B 142-45 T), 


of 
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i Revised Tentative Recommended Practices for: 


Chromium Plating on Steel for Engineering Use (B 177 — 45 T), and 
Revised Tentative Method of Test for: 


Local Thickness of Electrodeposited Coatings (A 219-45 T), submitted 
, jointly with Committee A-5 on Corrosion of Iron and Steel. 

These recommendations were accepted by the Standards Committee on 
August 27, 1945, and the new and revised tentatives appear in the 1945 
Supplement to Book of A.S.T.M. Standards, Part I, under the designations 
indicated above. 

At the same time, the Society accepted the recommendation of the com- 
mittee that the Tentative Recommended Practice for Preparation of Low- 
Carbon Steel for Electroplating (B 183-43T) be continued as tentative 
without revision. 
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The specimens of electroplated lead 
coatings on steel exposed to the atmos- 


_ phere at New York, N. Y., State College, 


Pa., Kure Beach (Wilmington), N. C., 
and Tela, Honduras have been inspected 
at intervals during the past year. The 


_ data, in summary form, are contained 


in Table I (Plate IV),' which is supple- 
mentary to Table II of the 1944 report? 
of this subcommittee which contains 
a detailed outline of these exposure tests. 

The original method of recording the 
results has undergone some modifica- 
tion, as can be seen from the table. 
The symbols “D” and “W” (darkening 
or whitening of the coating) have been 
eliminated since all of the pure lead 
coatings at a given location acquire the 
same appearance in this respect and since 
the lead-alloy coatings darken at all 
locations. The symbols “IP” (irregu- 
larly distributed pinholes, numbering 
more than 25) and “RP” (regularly dis- 
tributed pinholes, numbering more than 
25) have not been considered to repre- 
sent a significant difference and have 
been supplanted in the more recent in- 
spections by “MP” which signifies the 
existence of more than 25 pinholes. 
The most important change has resulted 
from the recognition by the inspection 
groups that a rust coating on the panels 
can be of two types: (/) a smooth coat- 
ing, having the appearance of rust, but 
under which the lead coating is appar- 
ently intact and the base metal appar- 
ently undamaged, and (2) a rough, 
flaky rust coating under which the lead 
coating, if any, has ceased to be protec- 
tive and the base metal has been visibly 
attacked. On this basis, the symbol 


1This plate appears in envelope on inside back cover. 
2 Proceedings, Am. Soc. Testing Mats., Vol. 44, p 280 


(1944). 
4 


REPORT OF SUBCOMMITTEE II ON PERFORMANCE TESTS 


“S” is being used to designate type 1 
and the symbol “R” is being retained 
to indicate type 2. 

At New York, after a total exposure 
of 0.87 yr. there was evidence of a small 
amount of white corrosion product on 
the upper surface which was consider- 
ably more’ pronounced on the under 
surface of the lead-coated panels and 
considerably less pronounced on the 
lead-alloy-coated specimens. — During 
the life of the tests, the white deposit 
has been much heavier at State College 
and Kure Beach than at New York, and 
heavier on the upper side. At Tela, 
the panels are mottled, dark and white. 
At all stations, the alloy coatings have 
darkened and show little or no evidence 
of white corrosion product at the present 
stage of the tests. 

From the accompanying Table I, it is 
evident that damage to the steel base 
increases progressively with exposure 
time and decreases with increasing coat- 
ing thickness. The Kure Beach (sea 
coast) atmosphere appears to be the 
most severe on all of the lead-coating 
systems. ‘The industrial atmosphere of 
New York is generally the least severe, 
although not so for all coating thick- 
nesses and combinations. It is also 
apparent that the thinner lead and lead- 
alloy coatings have a relatively short 
life in all of the four types of atmosphere. 

A copper flash (0.000015 in.) under the 
thinnest lead deposit (0.000080 in.) 
is detrimental or of no benefit, whereas, 
under the thicker plates it increases 
(or at least does not shorten) the period 
during which the coating is protective 
at the four stations. 

The plated panels having four vertical 
bare strips (marked “damaged” in the 
table) are, at the most recent inspec 
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tions, showing the first evidence of an 
efect at the lead-steel interface. Defi- 
site spreading of the bare area, or under- 
cutting of the lead, was noted at Kure 
Beach after 0.81-yr. exposure. It was 
ss pronounced on panels carrying a 
copper undercoat and it decreased in 
severity with increased coating thick- 
ness. Spreading was also observed to a 
lesser degree on the “damaged” panels 
at State College and was not evident on 
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those at New York and Tela at the pres- 
ent stage of exposure. 

It should be emphasized that all of 
the above is based on the behavior of 
the coatings during relatively short 
exposure periods. 


Respectfully submitted on behalf of 
the subcommittee, 
H. A. PRay, 


Chairman. 
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In this Appendix are given the recom- 
mendations affecting certain standards 
covering electrodeposited metallic coat- 
ings which are referred to earlier in this 
report. The standards appear in their 

present form in the 1944 Book of 
A.S.T.M. Standards, Part I. 


REVISIONS OF TENTATIVE STANDARDS 
The committee recommends that the 
following four tentative specifications be 
_ revised as indicated below and continued 
as tentative. 


_ Tentative Specifications for Electrode- 
posited Coatings of Nickel and Chro- 

mium on Steel (A 166-41 T): 
_ In line with projected use by automo- 
tive manufacturers, it has been found 
_ desirable to add a fourth type of coating 
to the three types now covered in these 
specifications. Accordingly, the follow- 

ing changes are recommended: 

Section 1—In line 6 change the first 
word of the second sentence from 
“Three” to read “Four.” List “Type 
_ D.S.” as the first item of the four types of 
coatings. 

Note 1.—Insert the letter ‘““D” before 
the letter “F’”’ in line 2. 

Note 2.—Insert ‘“‘type D.S.,” before 
“type #.S.,” in lines 4 and 11. 

Section 2-—Since it has been found 
that service experience with nickel- 
copper-nickel systems has been less 
favorable than with other systems, make 
the following change in Section 2: 

Delete the words “or intermediate” 
in line 9. 

Also add a footnote after the second 
sentence toreadasfollows: 


APPENDIX 


RECOMMENDATIONS AFFECTING STANDARDS FOR ELECTRO- 
DEPOSITED METALLIC COATINGS 


Careful preparation of the steel surface is 
necessary in order to assure good adhesion. 
For suitable methods see the Tentative Recom- 
mended Practice for Preparation of Low-Carbon 
Steel for Electroplating (A.S.T.M. Designation: 
B 183), 1944 Book of A.S.T.M. Standards, 
Part I. 


Section 3—In the table in this section 
add the following requirements for thick- 
ness of type D.S. coatings: 


Thickness of 


Coating, in 

Type D.S, 
Chromium (if required), min......... 0.00001 


@ When copper is used (see Section 2) in excess 3 of a 
bey of 0.0001 in., its minimum thickness shall be 
975 in. 


Section 4.—Add the following require- 
ment for continuous exposure to the 
salt spray test: 

Section 8—Since it is common prac- 
tice to test the thickness of nickel coat- 
ings directly on steel by means of the 
magnetic methods it is desirable to make 
reference to the Tentative Methods 
A 219.1 Accordingly add a new Para- 
graph (c) to Section 8 to read as follows: 

(c) When agreed upon by the manufacturer 
and the purchaser, the thickness of a nickel 
coating directly on steel with or without the 
chromium coating may be determined by the 
magnetic method. This method and its limita- 
tions are described in an Appendix to the 
Tentative Methods of Test for Local Thickness 
of Electrodeposited Coatings (A.S.T.M. Desig- 
nation: A 219).! 

Section 9(b).—Since the revisions made 
in 1944 to the Tentative Method of Salt 


1 These revised methods were accepted by the Sede 
and appear in the 1945 Supplement to Book of A.S.T 
Standards, Part I.. 
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Spray (Fog) Testing (B 117 - 44 T) con- 
tain the requirements now described in 
Section 9 (b), delete that portion of the 
paragraph following the reference to 
Method B 117. 


Tentative Methods of Test for Local 
Thickness of Electrodeposited Coat- 
ings (A 219-40 T): 

The proposed revisions include in- 
corporating in these methods pertinent 
procedures and information formerly 
appearing in Emergency Specifications 
ES-31 and Specifications B177 and 
also include the addition of the less 
accurate but commonly used magnetic 
methods and dropping test for estima- 
tion of thickness in a form which permits 
their use when applicable. Since the 
proposed revisions to these methods are 
quite extensive, the proposed revised 
methods are appended hereto.! 


Tentative Specifications for Electrode- 
posited Coatings of Nickel and Chro- 
mium on Zinc and Zinc-Base Alloys 
(B 142-41 T): 


Section 8—Add a new paragraph to 
this section to read as follows: 


(c) When agreed upon by the manufacturer 
and the purchaser, the thickness of a nickel 
coating with or without the chromium coating 
may be determined by the magnetic method. 
This method and its limitations are described 
inan Appendix to the Tentative Methods of 
Test for Local Thickness of Electrodeposited 
Coatings (A.S.T.M. Designation: A  219).! 


Section 9 (b).—Make the same changes 


in this paragraph as recommended above 
in Section 9 (b) of Specifications A 166. 


Tentative Recommended Practice fo 
Chromium Plating on Steel for En- 
gineering Use (B 177 — 43 T): 

Since the provisions in Section 9 (a) 
are to be incorporated in Specifications 


A219,1 make the following changes in 
Section 9: 


Section 9 (a)—Replace the entire 
paragraph with the following: 


9. (a) Thickness —The thickness of the 
chromium deposit is frequently not determined 
directly, the dimensions of the finished part 
being measured instead. When direct measure- 
ment of the thickness of coating is desired, it 
should be done in accordance with the Tentative 
Methods of Test for Local Thickness of Electro- 
deposited Coatings (A.S.T.M. Designation: 
A 219). 

ADOPTION OF TENTATIVE AS STANDARD 

The committee recommends that the 
following tentative specifications be ap- 
proved for reference to letter ballot of the 
Society for adoption as standard, with 
revisions as indicated: 


Tentative Specifications for Electrode- 
posited Coatings of Nickel and Chro- 
mium on Copper and Copper-Base 
Alloys (B 141-41 T): 

Section 7.—Add a new paragraph to 
this section to read as follows: 

(c) When agreed upon by the manufacturer 
and the purchaser, the thickness of a nickel 
coating with or without the chromium coating 
may be determined by the magnetic method. 
This method and its limitations are described 
in an Appendix to the Tentative Methods of 


Test for Local Thickness of Electrodeposited 
Coatings (A.S.T.M. Designation: A 219).! 


New TENTATIVES 


Tentative Specifications for Electrode- 
posited Coatings of Lead on Steel: 


These specifications were originally 
issued in May, 1943, as Emergency 
Specifications ES-31. With revisions 
incorporated in the specifications ap- 
pended hereto? it is recommended that 
they be accepted for publication as 
tentative. 

Tentative Specifications for Chromate 

Finishes on Electrodeposited Zinc: 


These specifications outline the proce- 
dure for coating electrodeposited zinc 
surfaces with chromate finishes. It is 
recommended that they be accepted for 
publication as tentative as appended 
hereto.” 


2 These specifications were accepted as tentative by the 
Society and appear in the 1945 Supplement to Book of 
A.S.T.M. Standards, Part I. 
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REPORT OF COMMITTEE C-1 


ON 


CEMENT* 


War-time travel restrictions necessi- 
tated the cancellation of the committee’s 
plans for a spring meeting. For the first 
time in more than thirty years, Commit- 
tee C-1 on Cement held no meeting dur- 
ing the interval between conseeutive 
annual meetings of the Society. 

As the result of correspondence with 
members of the Advisory Committee of 
Committee C-1 and with the chairmen of 
the subcommittees, it was concluded 
that the current questions and proposals 
affecting standards under the jurisdic- 
tion of Committee C-1 should await the 
next regular meeting of the committee, 


where full and appropriate discussion 


could be secured. On that account, the 
- committee is not now submitting any 
new tentatives, or any recommendations 
affecting standards. However, a pro- 
posed specification and a _ suggested 
method of test are presented for publica- 
tion as information in order to promote 
discussion of the subjects. 

The absence of recommendations af- 
fecting standards must not be interpreted 
as indicating that work within the com- 
mittee has been discontinued. Some of 
the subcommittees continued their 
studies of current problems, and plans for 
additional work have been considered. 
This report briefly reviews the work of 
the subcommittees since the 1944 Annual 
Meeting of the Society. 

The Sponsoring Committee on Port- 
land Cement (C. E. Wuerpel, chairman), 
in meetings and through correspondence, 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 


has considered numerous subjects relat- 
ing to standards for portland cement, 
These subjects include: chemical limita. 
tions, sampling, definition of portland 
cement, testing of air-entraining cements, 
manner of adding Vinsol resin during the 
grinding of the cement, and determina- 
tion of entrained air in standard mortar, 
The sponsoring committee has been 
greatly interested in the question of 
limitations on sulfur trioxide content. 
Recent work of the Portland Cement 
Association has shown that the shrinkage 
of portland cements can be affected by 
varying the sulfur trioxide content, and 
that the amount of sulfur trioxide re- 
quired to effect an optimum reduction 
in shrinkage of some cements, as those 
high in C;A or in alkalies, is sometimes 
greater than the maximum now per- 
mitted for some types of cement under 
the Standard Specifications for Portland 
Cement (C 150-44) or the Tentative 
Specifications for Air-Entraining Port- 
land Cement for Concrete Pavements 
(C175-44T). The increased interest 
in, and use of, the air-entraining cements 
has been accompanied by the subcom- 
mittee’s study of the factors entering into 
the Tentative Method of Test for Air 
Content of Portland-Cement Mortar 
(C 185-44 T). The subcommittee has 
already presented recommendations to 
Committee C-1 concerning some of the 
subjects mentioned above and is continv- 
ing the study of other subjects. Al 
though there has been no opportunity 
for Committee C-1 to consider the 
subcommittee’s recommendations at 4 
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regular meeting, they are presented in 
Appendix I as information and to pro- 
mote discussion. 

The Sponsoring Committee on Blended 
Cements (R. E. Roscoe, chairman) has 
for a long time been working on the 
preparation of specifications for blended 
cements, and has prepared and sub- 
mitted to Committee C-1 Proposed 
Specifications for Portland Blast-Fur- 
nace Slag Cement. These _ specifica- 
tions have not yet been acted upon by 
Committee C-1, but they are presented 
in Appendix II as information, with no 
official status, to solicit discussions. 

New Tentative Specifications for 
Masonry Cement (C 91 — 44 T) were 
accepted! by Committee E-10 on Stan- 
dards on August 28, 1944, on the recom- 
mendation of Committee C-1, and no 
changes therein or in the Standard 
Specifications for Masonry Cement 
(C 91 — 40) are recommended at this 
time. 

The Working Committee on Methods 
of Chemical Analysis (W. C. Hanna, 
chairman) studied the Proposed Method 
of Chemical Analysis for Darex AEA 
(Air-Entraining Agent) in Portland Ce- 
ment which was published as information 
with last year’s report.? Five labora- 
tories completed their part of the 
cooperative study. The results were 
promising but the method will require 
rewriting. Much time was devoted to 
the preparation of revised methods of 
chemical analysis of portland cement 
(C114-44 and C114-44T). The 
subcommittee has planned further study 
of methods for the determination of TDA 
and titanium oxide in portland cement. 

Closely related to the work of the 
Working Committee on Volume Change 
and Soundness of Portland Cement (H. 


1In submitting this recommendation to Committee 

E-10 on Standards, Committee C-1 reported results of the 

letter ballot vote as follows: Of a voting membership of 

78, 66 members returned their ballots, of whom 58 voted 

affirmatively, 4 negatively, and 4 members marked their 
s “not voti 


n 98 
one i. Soc. Testing Mats., Vol. 44, p. 311 


F. Gonnerman, chairman) is the study 
by William Lerch, of the Portland Ce- 
ment Association, on the effect of in- 
creased amounts of gypsum on _ the 
expansion in water and the contraction 
in air of mortar bars. This work is re- 
ferred to earlier in this report, under the 
activities of the Sponsoring Committee 
on Portland Cement. In the earlier 
studies, 2 by 2 by 11}-in. prisms were 
tested. Many laboratories are not pre- 
pared to use that size specimen, but most 
of them have equipment for 1 by 1 by 
11}-in. bars. Therefore, the possibili- 
ties of using the smaller bars for such 
length-change studies were explored. 
Eight cements, each with the three SO; 
contents used in the other physical tests, 
were employed for this comparison, em- 
ploying the plastic mortar mix as de- 
scribed in the Standard Method of Test 
for Compressive Strength of Hydraulic- 
Cement Mortars (C 109-44). The re- 
sults of the length change measurements 
of the specimens stored in water, when 
using the same cement in prisms of the 
two different sizes, are practically identi- 


difference. At early ages the smaller 
specimens show more contraction than 
their companion larger specimens. At 
the end of three months the contractions 
of both sizes of prisms are almost identi- 
cal. When comparing the effects of 
different SO; contents on the length 
changes of cement, the SO; content re- 
quired to give the lowest contraction can 
be selected equally well with either size 
of specimen at any age. 

The Working Committee on Sulfate 
Resistance (D. G. Miller, chairman) con- 
tinued its study of methods for measur- 
ing the sulfate resistance of cements. A 


is now in progress. The numerous test 


cal, indicating that either size of specimen 
is suitable for expansion measurements. 
The contractions of the two sizes of 
prisms during storage in air show some 


cooperative series of tests of ten cements : 


results reported by the subcommittee 


during the past two years contained | 
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much data of interest to cement investi- 
gators, and are closely related to the 
extensive work on “Tests of 106 Com- 
mercial Cements for Sulfate Resistance” 
reported by D. G. Miller and P. W. 
Manson in 1940.3 Therefore, the re- 
ports submitted by the subcommittee in 
1943 and 1944, including a suggested 
procedure for making the lean mortar 
test bar, are presented in Appendix 
III‘, in order to make the data readily 
available for study and comment. 
The Working Committee on Fineness 
—(R. L. Blaine, chairman) sponsored a 
series of cooperative tests to determine 
the day-to-day variations in fineness 
values determined by the turbidimeter’® 
and the air permeability® methods. 
Fineness values were reported on 
approximately 1400 individual samples 
of cement, representing the product of 
70 different mills in different parts of the 
country. The ratio of air permeability 
to turbidimeter fineness values of 


varied over a wide range. The day-to- 
day variation of this ratio for a cement 
manufactured at any one plant was 
attributed to many different factors. 
A report on these tests has been sub- 
“mitted to the members of Committee 
-C-1. Because of the interest already 
manifest in the Blaine air-permeability 
fineness apparatus, and in order to 
promote uniformity in test procedure, 
working committee has recently 
submitted for consideration by Com- 
mittee C-1 a Proposed Method covering 
the apparatus and procedure which 
appears in Appendix IV. 
The Working Committee on Strength 
_(G. L. Lindsay, chairman) has for some 


sere manufactured in different mills 


: preaentingt, Am. Soc. Testing Mats., Vol. 40, p. 988 
(1940). 
4 See p. 165. 


6 Standard Method of Test for Fineness of Portland 
Cement by the Turbidimeter, (A.S.T.M. Designation: 
C 115 - 42), 1944 Book of A.S.T.M. Standards, Part II, 
p. 47. 
* “A Simplified Air Permeability Fineness Apparatus,” 


by Raymond L ne, ASTM Bouttetin, No. 123, 
August 1943, p. 51. 


time been engaged in preliminary tests of 
methods for comparing the performance 
of flow tables. Also, details are being 
arranged for early investigation of: 
(1) Mixing of mortars, with studies to 
be directed toward the development of a 
mechanical type mixer; and (2) repro- 
ducibility of flow and compressive 
strength test results, this study being 
regarded as necessary prior to considering 
revisions of flow table requirements. 

The Working Committee on Additions 
(H. J. Gilkey, chairman) now has on 
hand an application to consider a mate- 
rial proposed as an addition, for grinding 
aid purposes, under the current A.S.T.M. 
standards for portland cements. 
Cooperating with the Technical Assistant 
of Committee C-1, there was prepared, 
for the subcommittee’s information a 
digest of the many questions, tests, and 
requirements which had entered into the 
subcommittee’s deliberations since its 
organization in 1936. With the benefit 
of study of that list of items, the sub- 
committee will present to Committee 
C-1 a memorandum proposed for ready 
answer of inquiries relating to the general 
requirements governing the tests or 
reviews of additions by Committee 
C-1. 

The Working Committee on_ the 
Effects of Alkalies in Portland Cement 
(R. F. Blanks, chairman) has continued 
active study of its problems. The 
method employed in most laboratories 
for studying the reaction between 
aggregate and cement has been the 
mortar bar expansion test. Because of 
the differences sometimes found in the 
results of this test when made by a 
number of laboratories, the committee 
agreed that it should undertake 4 
cooperative study to determine the 
dependability of such a test and the 
degree of reproducibility of results. 
Such a cooperative study was begun early 
last year, most of the members partici- 
pating, as well as the Portland Cement 
Association, the National Bureau of 
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Standards, and the New Jersey State 
Highway Department. Five aggregates 
and six cements were distributed to ten 
laboratories. Two of the aggregates had 
been proven nonreactive. The total 
alkali content of the cements varied from 
0.18 to 1.41 per cent. The laboratories 
were instructed to prepare three 1 by 1 
by 10-in. mortar bars, 1:2.25 mix, water- 
cement ratio 0.50, for each of 30 com- 
binations, using each cement with each 
aggregate. After 24 hours in the molds 
in a moist closet, the bars were to be 
removed from the molds, measured, and 
placed in sealed containers in which there 
was free water not in contact with the 
bars. The containers were to be stored 
at 70 F. and the bars measured at stipu- 
lated intervals. Some of the test data 
have already been collected and com- 
pared. The results of the cooperative 
study show poor agreement for the actual 
quantitative expansions secured for the 
various combinations of materials by the 
different laboratories. They do, how- 
ever, indicate that reactive expansion is 
roughly proportional to the amount of 
alkalies present in the cement and that 
no expansions were secured with cement 
containing as little as 0.42 per cent alkali 
(expressed as + 0.658 K,0). 
The Cement Reference Laboratory at 
the National Bureau of Standards has 
continued its work under the supervision 
of the Subcommittee on Cement Refer- 
ence Laboratory (G. E. Warren, chair- 
man). The field work has been on a 
smaller scale than usual. Forty-seven 
laboratories were inspected. The eighth 
inspection tour will be about completed 
by the end of 1945. The Public Roads 
Administration still makes use of the 
laboratory inspection service and has 
continued to give financial support. 
The laboratory cooperated in studies of 
details of apparatus and test procedure 
and is cooperating in endeavors to im- 
prove flow table requirements. Prelim- 
inary work has been done on a number of 


projects looking toward the preparation 
of publications on laboratory equipment. | 
In accordance with the wishes of Com- 
mittee C-1, as expressed in the 1944 
Annual Report, the laboratory revised 
the Manual on Cement Testing. Con- 
siderable time was devoted to editorial — 
work incidental to the numerous | 
revisions in the cement standards 
accepted last year, and a detailed index 
was prepared for the new edition of the 
compilation “A.S.T.M. Standards on 
Cement””’ in an endeavor to make that | 
rapidly growing publication more valu- 
able and serviceable to its users. 
Emergency Alternate Specifications for 
Portland Cement (EA — C 150).—The 
War Production Board rescinded Limita- 
tion Order L-179 on November 25, 1944. 
That order, designed to conserve mate- 
rials and promote the national war effort, 
had placed certain limitations on the 
manufacture, storage, and testing of 
portland cement as covered in Emer- 
gency Specifications EA — C 150. The 
C-1 Technical Advisory Committee (J. 
L. Miner, chairman) had served to 
maintain contact between the War 
Production Board and Committee C-1. 
Under date of December 11, 1944, 
Committee E-10 on Standards took 
official action to withdraw Emergency 
Alternate Specifications EA -— C 150 
in line with the recommendation in the 
1944 Annual Report of Committee C-1. 


This report has been submitted to 
letter ballot of the committee which con- 
sists of 83 voting members; 61 members 
returned their ballot, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
P. H. Bates, 
Chairman 
G. E. WARREN, 
Secretary. 


7 Issued as separate publication, December, 1944. 
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APPENDIX I 


PROPOSED RECOMMENDATIONS AFFECTING STANDARDS 
ON CEMENT 


The Sponsoring Committee on Port- 
land Cement has submitted to Com- 
mittee C-1 the following recommenda- 
tions affecting cement standards. These 
recommendations have not yet been con- 
sidered at a regular meeting of Com- 
mittee C-1, and are presented here only 
as information and to promote discussion. 


Standard Specifications for Portland 
Cement (C 150-44):! 


Table 1.—In this table of chemical 
requirements delete the maximum limi- 
tation “50 per cent” on tricalcium sili- 
cate for type II cement. 

Add the following footnote to the 
maximum limitation shown for sulfur 
trioxide for types I and III: 

The maximum limit for sulfur trioxide in 
types I and III cements shall be 2.5 and 3.0 per 
cent, respectively, when the calculated trical- 
cium aluminate content of the cement is in excess 
of 8 per cent. 

Section 9.—Change Paragraph (b) to 
read as follows by the addition of the 
italicized words: 

(b) Cement remaining in bulk storage at the 
mill, prior to shipment, for a period greater than 
6 months, or cement in bags in local storage for a 
period greater than 3 months, after completion of 
the tests, may be retested before use, and may be 
rejected if it fails to conform to any of the re- 
quirements of these specifications. 

Tentative Specifications for Air-Entrain- 
ing Portland Cement for Concrete 
Pavements (C 175 ~ 44 T):! 
Title—Change to read as follows by 

the omission of the words in brackets: 


1 1944 Book of A.S.T.M. Standards, Part II. 


“Tentative Specifications for Air-En- 
training Portland Cement [for Concrete 
Pavements].” 

Section 1.—Change the first sentence 
to read as follows by the omission of the 
words in brackets: ‘“These specifications 
cover two types of air-entraining port- 
land cement [for use in concrete pave- 
ments exposed to severe frost action].” 

Section 3.—Change the final sentence 
in footnote 4 (a) from its present form: 
namely, 

The Vinsol resin may be added at the mill in 
the form of an aqueous solution of sodium resi- 


nate (the ratio of solid sodium hydroxide to 
Vinsol resin is 15 parts to 100 parts, by weight 


to read as follows: 


The Vinsol resin shall be added at the mill in 
the form of an aqueous solution of sodium resi- 
nate (15 parts sodium hydroxide, 100 parts 
Vinsol resin and not more than 1200 parts of 
water by weight). 


Table 1.—In this table of chemical 
requirements delete the maximum limi- 
tation “50 per cent” on tricalcium sili- 
cate for type IIA cement. 

Add the following footnote to the 
maximum limitation shown for sulfur 
trioxide for type IA: 

The maximum limit for sulfur trioxide in type 
IA cement shall be 2.5 per cent when the calcu- 


lated tricalcium aluminate content of the cement 
is in excess of 8 per cent. 


Standard Methods of Sampling Hy- 
draulic Cement (C 183-44):! 


Sections 3 and 4.—Combine these sec- 
tions into the following new Section 3, 
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cordingly: 


3. Sampling.—The cement may be sampled 
by any of the methods described in the following 
Paragraphs (a) to (d): 

(a) From the Conveyor Delivering to Bulk 
Storage.—One sample of 4 lb. or more shall be 
taken from at least each 2000 bags passing over 
the conveyor, except that the sample shall not 
represent more than 6 hr. of cement production. 
This may be secured by taking the entire test 
sample at a single operation, known as the “grab 
method,” or by combining several portions taken 
at regular intervals, known as the “composite 
method.” When obtaining a composite sample, 
it shall be secured by combining approximately 
equal weights o: the cement taken at regular 
intervals, each portion representing approxi- 
mately 40 bags. Automatic samplers may be 
used in obtaining samples. 

(b) From Bulk Storage at Points of Discharge. 
—Sufficient cement shall be drawn from the dis- 
charge openings to obtain samples representative 
of the cement as determined by the appearance 


RECOMMENDATIONS ON STANDARDS FOR CEMENT _ 


at the discharge openings of indicators placed on 
the surface of the cement directly above these 
openings before the drawing of the cement is 
started. One sample shall be taken for at 
least each 2000 bags, by either the “grab” or 

“composite” method as described in Paragraph 
(a). 
(c) From Bulk Storage by Means of Proper 
Sampling Tubes.—When the methods described 
in Paragraphs (a) and (b) cannot be applied and 
when the depth of the cement to be sampled does 
not exceed 10 ft., samples may be obtained by — 
proper tubes inserted vertically to the full depth 
of the cement. Samples so taken shall be ob- 
tained from points well distributed over the area 
of storage. 

(d) From Other Places.—In all other cases, 
samples shall be taken from each 50 bags or 
fraction thereof in the lot and combined to form 
test samples. In the case of samples from trucks 
where the cement is being trucked from one mill, 
it is permissible to combine the samples from 
several trucks to form a test sample representing 
not more than 2000 bags. When bulk shipments 
are sampled, representative samples shall be 
taken from well-distributed points. 
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APPENDIX II 


PROPOSED SPECIFICATIONS FOR PORTLAND BLAST-FURNACE 


SLAG CEMENT!? 


These are proposed specifications and are issued as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 


1. These specifications cover the type 


of hydraulic cement designated as port- 
land blast-furnace slag cement. _ 


Definitions 


2. (a) Portland Blast-Furnace Slag 
Cement.—-Portland blast-furnace slag ce- 
ment shall be an intimately interground 
mixture of portland cement and granu- 
lated blast-furnace slag. The slag con- 
stituent shall not exceed 65 per cent of 
the portland blast-furnace slag cement. 

Note.—The portland cement constituent 
shall conform to the requirements of type I ce- 


ment as prescribed in the Standard Specifications 


for Portland Cement (A.S.T.M. 
C 150).3 

(b) Granulated Blast-Furnace Slag.— 
Granulated blast-furnace slag is the non- 
metallic product consisting essentially of 
silicates and aluminosilicates of calcium 
which is developed simultaneously with 
iron in a blast furnace and is produced 
by rapidly chilling or quenching the 
molten material in water, steam, or air. 


Additions 


3. (a) Water or untreated calcium 
sulfate, or both, may be added in 
amounts such that the limits shown in 
Section 4 for the ignition loss and sulfur 
trioxide are not exceeded. 


Designation: 


1 "a These pre hese pr i specifications are under the jurisdiction 
of the A.S.T. ve Committee C-1 on Cement. 


21944 Book of A.S.T.M. Standards, Part II. 


(6) Materials other than water or cal- 
cium sulfate may be added provided that 
they have been shown to be acceptable, 
in the amounts indicated, by tests car- 
ried out or reviewed by Committee C-1. 


Note.—Tests to determine whether a pro 
posed addition is acceptable will be carried out 
or reviewed by Committee C-1 on Cement, for 
those making requests. In the year following 
that in which an addition has been declared 
acceptable by the Committee, the name of the 
addition shall appear as an addendum to Section 
3 and any definite limitation on the quantity to 
be used shall appear in the table of chemical or 
physical requirements in a revision of the spec 


fications. 


4. (a) Portland blast-furnace slag ce- 
ment shall conform to the chemical re- 
quirements prescribed in Table I. 


Chemical Requirements 


TABLE I.—CHEMICAL REQUIREMENTS. 


Magnesium oxide (MgO), max., per cent.. 
Sulfur trioxide (SO3), max., per cent 

Manganic oxide (Mn2O3), max., per cent.. 1.5 
Sulfide sulfur (S), max., per cent 2.0 
Insoluble residue, max., per cent......... 1.0 
Loss on ignition, max., per cent........ ) 


(b) The granulated blast-furnace slag 
constituent shall conform to the follow- 


ing composition: 


CaO + MgO + 3A1:0; 
Nore.—Granulated blast-furnace slag having 


SiO, + 4$Al,0; 


2 Published as information June, 1945. 
= a chemical composition within the following 
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ranges generally meets the. requirements of the 
above formula: 

Calcium oxide (CaO), per cent 

Silicon dioxide (SiO2), per cent........ 
Aluminum oxide (Al,O3), per cent.. 

Ferrous oxide (FeO), per cent 

Magnesium oxide (MgO), per cent. . 

Manganic oxide (Mn,Qs), per cent... . . 

Sulfide sulfur (S), per cent... 


Physical Requirements 


5. Portland blast-furnace slag cement 
shall conform to the physical require- 
ments prescribed in Table IT. 


TABLE II.—PHYSICAL REQUIREMENTS. 


Fineness, amount retained when wet-sieved on 
No. 325 (44-micron) sieve, max., per cent . 


Soundness: 
Autoclave snpuniens or contraction, max., 
per cent...... 


Time of setting: 
Vicat needle: 
Initial set, min., not less than....... : 
Final set, hr., not more than 


Compressive strength, psi.: 2 
The compressive strength of mortar cubes, 
composed of 1 part cement and 2. 75 
parts graded standard sand, by 
prepared and tested in ac- 
cordance with Method C 109, shall be 
equal to or higher than the values 
specified for the ages indicated below: 
1 day i in moist air, 2 days i in water., 
1 day in moist air, 6 days in water.. 
1 day in moist air, 27 days in water.. 


Tensile strength, psi.: 
The tensile signs of mortar briquets, | 
composed of cement and 3 parts 
standard sand, by weight, prepared | 
and tested in accordance with Method 
C 190, shall be — to or higher than 
the values specified for the ages indi- 
cated below: 
1 day in moist air, 2 days in water.. 
1 day in moist air, 6 days in water.. 
1 day in moist air, 27 days in water.. 


° Three 1 by 1 by 10-in. bars: shall remain firm and hard 
and show no signs of distortion, cracking, checking, pit- 
ting, or disintegration when subjected to the autoclave 
expansion test. 


The purchaser should specify the type of strength 
test required. In case he does not so specify, the require- 
ments of the compressive strength test only shall govern. 


Manufacturer’s Statement 


6. (a) At the request of the purchaser, 
the manufacturer shall state in writing 
the source, amount and composition of 
the granulated blast-furnace slag and 
the composition of the portland blast- 
furnace slag cement. 

(6) The composition of the portland 
blast-furnace slag cement shall conform 
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to that shown in the statement of the 
manufacturer within the following tol- 
erances: 

Tolerance, per cent 
Calcium oxide (CaO) 


Silica (SiOz) 
Alumina (A],03) 


Packaging and Marking 

7. When the cement is delivered in 
packages, the words “Portland blast-— 
furnace slag cement,” the name and 
brand of the manufacturer, and the 
weight of the cement contained therein 
shall be plainly marked on each package. 
Similar information shall be provided in 


i 


the shipping advices accompanying the — 
shipment of packaged or bulk cement. 


A bag shall contain 94 Ib. net. A barrel 
shall consist of 376 lb. net. All packages 
shall be in good condition at the time of 
inspection. 


8. The cement shall be stored in such 


Storage 


a manner as to permit easy access — 


proper inspection and identification of 
each shipment, and in a suitable weather- 


tight building which will protect the ce-_ 


ment from dampness. 


Inspection 


9. Every facility shall be provided the _ 


purchaser for careful sampling and in- 
spection, either at the mill or at the site 
of the work, as may be specified by the 
purchaser. The following periods from 
time of sampling shall be allowed for 
completion of testing: 

3-day test 


7-day test 
28-day test.. 


Rejection 


10. (a) The cement may be rejected 
if it fails to meet any of the requirements 
of these specifications. 

(b) Cement remaining in bulk storage 
at the mill, prior to shipment, for a period 
greater than 6 months after completion 
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of the tests may be retested and may be 
rejected if it fails to conform to any of 
the requirements of these specifications. 

(c) Packages varying more than 5 per 
cent from the specified weight may be re- 
jected; and if the average weight of 
packages in any shipment, as shown by 
weighing 50 packages at random, is less 
than that specified, the entire shipment 
may be rejected. 


Methods of Testing 


11. The cement shall be sampled and 
the properties enumerated in these speci- 
fications shall be determined in accord- 
ance with the following methods of the 
American Society for Testing Materials: 

(a) Sampling.—Standard Methods of 
Sampling Hydraulic Cement (A.S.T.M. 
Designation: C 183).* 

(6) Chemical Analysis—Standard 
Methods of Chemical Analysis of Port- 
land Cement (A.S.T.M. Designation: 
C 114-44)’ and Tentative Methods of 
Chemical Analysis of Portland Cement 


(A.S.T.M. Designation: C 114-44 T)? 
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(c) Fineness—Standard Method of 
Test for Fineness of Portland Cement by 
the Turbidimeter (A.S.T.M. Designa- 
tion: C 115), using the No. 325 (44 
micron) sieve and the procedure de- 
scribed in Section 12 of this method. 

(d) Autoclave Expansion—Standard 
Method of Test for Autoclave Expansion 
of Portland Cement (A.S.T.M. Designa- 
tion: C 151).3 

(e) Time of Setting—Standard Meth- 
ods of Test for Time of Setting of Hy- 
draulic Cement by the Vicat or Gilmore 
Needles (A.S.T.M. Designation: C 191) 
using the Vicat needle. 


(f) Compressive Strength—Standard 
Method of Test for Compressive Strength 
of Hydraulic-Cement Mortars (A.S.T.M. 
Designation: C 109).’ 

(g) Tensile Strength—Standard 
Method of Test for Tensile Strength of 
Hydraulic-Cement Mortars (A.S.T.M. 
Designation: C 190).* 
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REPORT ON COMPARATIVE SHORT-TIME TESTS FOR SULFATE 
RESISTANCE OF 121 COMMERCIAL CEMENTS! 


APPENDIX III* 


PREPARED BY DALTON G. MILLER? AND CHARLES G. SNYDER® AS A REPORT OF THE 
WorKING COMMITTEE ON SULFATE RESISTANCE 


This report consists for the most 
part of the report of the Working Com- 
mittee on Sulfate Resistance, of Com- 
mittee C-1 on Cement, prepared for 
presentation in 1943. It includes, 
however, under a separate heading the 
1944 Report on Additional Mortar Bar 
Tests. The two reports should be 
considered together in order to get a fair 
picture of these studies having to do with 
short-time tests for sulfate resistance. 

The agencies that made tests to which 
direct reference is made were: 


California Portland Cement Co., 

Board of Water Supply, City of New York, 

National Bureau of Standards, 

National Research Council of Canada, 

Portland Cement Association, 

Public Roads Administration, and 

Cooperative Laboratory, University Farm, 
University of Minnesota. 


Five-year sulfate resistance tests of 
2 by 4-in. concrete cylinders, 1:3 mix, 
of the 121 cements from which stored 


* This report constitutes Appendix III of the 1945 Re- 
port of Committee C-1 on Cement. 

! Paper No. 2229, Scientific Journal Series, Minnesota 
Agricultural Experiment Station. 

_ *Dalton G. Miller, Senior Drainage Engineer, Divi- 
sion of Drainage and Water Control, Soil Conservation 
Service, U. S. Department of Agriculture, in charge of 
laboratory at University Farm, St. Paul, Minn., conducted 
under a cooperative agreement of the Soil Conservation 
Service of the U. S. Department of Agriculture, The Agri- 
cultural Experiment Station of the University of Minne- 
sota, and the Division of Water Resources and Engineer- 
~ hg the Department of Conservation, State of Minne- 


* Instructor and Assistant in Agricultural Engineering, 
tment of Agriculture, University of Minnesota. 


samples were used in these short-time 
tests were completed in 1941 under 
conditions of exposure as follows: Some 
cylinders of each cement were continu- 
ously stored in the laboratory in 1 per 
cent solutions of sodium sulfate, some in 
1 per cent solutions of magnesium sul- 
fate, and some in the water of Medicine 
Lake, South Dakota. During the 5 
yr., the water of this lake averaged 12 
per cent total salts, of which two-thirds 
were magnesium sulfate and one-fourth 
was sodium sulfate. Resistance of the 
cylinders stored in the laboratory was 
determined by length changes while 
resistance of the Medicine Lake cylinders 
was determined by strength ratios calcu- 
lated from compression tests at 1 and 5 
yr. of the Medicine Lake cylinders and 
cylinders stored in tap water in the 
laboratory. Results of the 5-yr. tests 
of 106 of these cements have been pub- 
lished* and indicated close correlation 
between sulfate resistance of the cements 
and the percentage of the calculated 
compound tri-calcium aluminate, com- 
monly referred to as C3A. 

The primary purpose for making the 
tests here reported upon has been to 
find, if possible, a reliable short-time 
acceptance test for cements to be used in 


4 Dalton G. Miller and Philip W. Manson, ‘‘Tests of 106 
Commercial Cements for Sulfate Resistance.’’ (Minne- 
sota Agricultural Experiment Station Paper No. 1821, 
Scientific Journal Series); also Proceedings, . Soc. Test- 
ing Mats., Vol. 40, p. 988 (1940). 
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_ the manufacture of drain tile, irrigation 


pipe, dams, and structures of many other 
types used in soil conservation projects, 
and concrete construction of all kinds 
that in service must resist the action 
of soils and waters rich in sulfates. 


LEAN Mortar Bar TESTS 


The tests of lean mortar bars were 
made by the following cooperators: 


California Portland Cement Co, (Hanna), 

National Bureau of Standards (Gause), 

Portland Cement Association (Gonnerman), 
and 


Cooperative Drain Tile Laboratory, Uni- 

versity Farm, St. Paul, Minn. (Miller). 

All lean mortar bar tests were made 
during 1941 and 1942, except those by 
the National Bureau of Standards which 
were made during 1936. 

The California Portland Cement Co. 
bars were 1 by 1-in. in cross-section, 
with effective gage lengths of 5 in. 
The mix was 1:6 by weight of Ottawa 
standard sand, the mixing water being 
53 per cent by weight (80 per cent by 
volume) of the dry cement. After 42 
to 44 hr. in the molds, the bars were 
removed and stored in tanks with run- 
ning water and, when 14 days old, indi- 
vidual bars were exposed to the solutions 
in 2-qt. covered jars. All solutions 
were replaced by fresh ones every 7 
days. Four exposure solutions were 
used, namely, tap water, sodium sulfate 
0.15 M, magnesium sulfate 0.15 M, 
and a combination solution of sodium 
sulfate 0.25 M and magnesium sulfate 
0.25 M. ‘Tests were made on a single 
run of bars, one from each batch of the 
four solutions. 

The Portland Cement Association bars 
were 1 by 1-in. in cross-section with 
effective gage lengths of 10 in. The 
mix, water-cement ratio, and solutions 
were the same as for the California Port- 
land Cement Co. bars. All bars were 
held in the molds 48 hr., then stored in 
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water and exposed to the solutions when 
14 days old. Solutions were changed 
every 7 days. Each test result, as re. 
ported, is the average of two bars from 
each batch, one bar of which was lightly 
brushed each week with a steel wire 
brush. Both length changes and sonic 
changes were reported by the Associa. 
tion. With but few exceptions, brush- 
ing the bars seemed to have little in- 
fluence; consequently the results of the 
Association’s tests here reported are 
averages for two bars, one of which was 
brushed. 

The National Bureau of Standards 
bars were 1 by 1 by 6 in., evidently of 
effective gage length of 5 in., of cement 
and Ottawa standard sand in the propor- 
tions of 1:5 by weight, mixed with 93 
per cent of water by weight of the dry 
materials (about 56 per cent by weight of 
the dry cement). The bars were made 
in duplicate, one set being stored in the 
solutions after two days in water while 
the other set was stored in water six 
days before placing in 10 per cent (0.78 
M) solutions of sodium sulfate in indi- 
vidual containers. Solutions were not 
renewed during the period of the test. 
For further details of the Bureau of 
Standards tests reference should be made 
to the 1941 article.5 

Some 4200 bars were made at Uni- 
versity Farm. The bars were 1 by 1 
in. in cross-section with effective gage 
lengths of 5 in. The mix was 1:5 of 
cement and Ottawa standard sand, 
except for about 500 bars made with a 
1:6 mix. Results were so erratic for the 
1:6 bars that it was early decided so lean 
a bar held little promise for use in an 
Acceptance test. Results of tests of 
these 1:6 bars are not here reported. 
Normal consistency was, determined 
for each cement, and the quantity of 
mixing water used with each cement was 

5G. Rupert Gause, ‘‘Studies of the Sulfate Resim 


of Portland Cements, ASTM Butietin, No. 112, 
ber, 1941, p. 17. 
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calculated in accordance with Table I® 
of A.S.T.M. Standard Methods of Sam- 
pling and Physical Testing of Portland 
Cement C 77 — 40.7. Bars were held in 
the moist closet 48 hr., then stored in 
water for 5 days and placed in solutions 


| when 7 days old. ‘Test results are re- 


ported for bars stored in the following 
even solutions at University Farm: 


1, Sodium Sulfate: 
0.15 M (2.1 per cent) 
0.50 M (6.7 per cent) 
0.78 M (10 per cent) 
2. Magnesium Sulfate: 
0.15 M (1.8 per cent) 
0.50 M (5.7 per cent) 
0.78 M (8.6 per cent) 
3. Combination Solution, 0.50 M consisting 
of: 
0.25 M (3.4 per cent) sodium sulfate 
0.25 M (2.9 per cent) magnesium sulfate 


The ratio of volume of solution to 
volume of the bars in all containers was 
approximately 4 to 1, and all solutions 
were changed at intervals of 7 days with 


the exception of the two 0.78 M solutions 
which were not changed during the 
test. Six bars were made toa batch and 
the general practice was to put individual 
bars from each batch in solutions of 
different strengths. Length changes as 
reported are in practically all cases 
averages for three or more bars made on 
different days. 


Evaluation of Lean Mortar Bar Tests 
by Length Changes: 


At all laboratories, metal inserts were 
cast in the ends of the bars and length 
changes were determined by over-all 
measurements between exterior ends of 
the inserts. The results were reported 
as percentage length changes based on 
the effective gage length of the bars, 
assuming the gage reading immediately 
. *This information also appears in Table II of the 
standard Method of Test for Tensile Strength of Hydrau- 
-Cement Mortars (C 190 - 44), 1944 Book of A.S.T.M. 


‘tandards, Part II, 70. 
1942 Book of A.S.T.M. Standards, Part II, p. 33. 


before placing the bars in the solutions 
as the basis of computation. Readings 
were made of all bars at 7-day intervals. 

After study of all data, the results were 
condensed in Table III by selecting the 
length changes at the shortest period of 
exposure to the various solutions as 
seemed best to correlate with the long- 
time tests of the cylinders as recorded 
in Table I. Then, in Table V, effort 
is made to translate the data of Table 
III into understandable values by indi- 
cating the number of cements of each of 
the 12 groups that did not exceed certain 
upper limits as recorded at the top of 
each of the columns. It will be noted 
that these limits differ for solutions of 
different strengths and for the two types 
of bars, namely, 1:5 and 1:6 mixes. 

In each case, effort was made to fix 
a limit that passed a high proportion of 
the cements in the upper six groups and 
failed most of the cements in the lower 
six groups. It will be noted that some 
of the limits indicated are far from 
satisfactory, although in all cases an 
attempt was made to select the most 
satisfactory one. This suggests that 
certain of these lean mortar bar tests do 
not hold much in the way of possibilities 
for a performance test. 

The National Bureau of Standards 
lean mortar bar tests of these 121 cements 
were of samples submitted in 1935 to 
1937 for the chemical analyses as 
reported in Table II. Most of the 
Bureau’s tests were made during 1936 
when the cements were fresh, whereas, 
the bars at all the other laboratories 
were made during 1941 and 1942 after 
the cements had been in storage in air- 
tight containers 5 or 6 yr. Mention is 
made of this in order to draw attention to 
the parallel tests of the bars in the 0.78 M 
sodium sulfate solutions as recorded in 
columns A and B of Tables III and V. 
In spite of the fact that the National 
Bureau of Standards bars of these ce- 
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ments were made some 6 years earlier 
than were the bars at University Farm, 
the general agreement of test results was 
satisfactory, particularly for the more 
resistant of the cements. Many of the 
differences that did occur may have been 
due, at least in part, because the Bureau 
of Standards tests were of single bars 
while the tests at University Farm were 
in nearly all cases averages for three or 
four bars made in batches several weeks 
apart. 

Inspection of the data of Tables III 
and V discloses that the test results of 
the lean mortar bars in the 0.15 M solu- 
tions of sodium sulfate were in fairly 
close agreement at the three laboratories 
that used this solution, with slightly 
better distribution of results among 
the 12 groups of cements for the 1:5 
bars at University Farm than for the 
1:6 bars at either the California Portland 
Cement Co. laboratory or that of the 
Portland Cement Association. Identi- 
cally the same statement may be made 
regarding the bars in the 0.15 M solutions 
of magnesium sulfate except that agree- 
ment of results of the three laboratories 
was less exact with considerably better 
distribution among the 12 groups of 
cements for the 1:5 bars than for the 
1:6 bars. Agreement of results was 
less exact for tests of the bars in the 0.50 
M mixed solutions at the three labora- 
tories than for either of the 0.15 M 
solutions of the separate salts, while 
distribution of the cements meeting the 
limits indicated among the 12 groups was 
somewhat better for the 1:5 bars at 
University Farm than for the 1:6 bars 
at the other two laboratories but was, 
in general, less satisfactory than for the 
two 0.15 M solutions. 

Only at University Farm were bars 
stored in sodium sulfate solutions of 
0.50 M and in magnesium sulfate solu- 
tions of 0.50 M and 0.78 M. The 1:5 
bars in the 0.50 M solutions of sodium 


sulfate gave results that came fairly 
near to parallelling the long-time per- 
formance tests of the 121 cements, 
Fixing a limit of 0.10 per cent length 
change for the bars so exposed passes 
32 cements distributed among the 12 
groups as shown in Table V. 

Results with the bars stored in the 
0.50 M solutions of magnesium sulfate 
were erratic and passed a total of 51 
of the 121 cements for the limit of ex. 
pansion of 0.15 per cent. Distribution 
of these 51 cements throughout the 12 
groups was far from satisfactory as 
inspection of the results in Table V 
will show. 

Results with the bars stored in the 
0.78 M solutions of magnesium sulfate 
were even more unsatisfactory than were 
those with the bars in the 0.50 M solu- 
tions. As stated previously, the 0.78 M 
solutions of magnesium sulfate were not 
changed during the tests. This particu- 
lar solution was used chiefly in order to 
have a direct comparison of behavior of 
bars so exposed with those in the 0.78 M 
solutions of sodium sulfate. 

From the foregoing tests, it may be 
said that results with the two solutions 
0.15 M sodium sulfate and 0.15 M 
magnesium sulfate were the most de- 
pendable of any of the solutions used. 
Bars leaner than 1:5 were found to give 
so many erratic results that it was 
evident that the test frequently became 
rather one of uniformity of workmanship 
in making the bars than of the conditions 
to which the bars were exposed. This 
was particularly true of 1:6 bars exposed 
to solutions of magnesium sulfate. It 
was also found that even 1:5 bars gave 
decidedly erratic results when exposed 
to any of the magnesium sulfate solutions 
with molarity greater than 0.15 M. 
Even in magnesium sulfate solutions of 
0.15 M it sometimes happened that 
individual 1:5 bars went completely out 
of line, indicating that the margin 
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between good and poor workmanship in 
making the bars was just about as narrow 
as practicable for an acceptance test. 
The lean mortar bar test comes nearest 
to approximating exposure of concrete 
to the action of sulfate waters of any of 
the tests tried, and the results are rea- 
sonably well in agreement with the 5-yr. 
performance records of the 121 cements. 
The weakness of this test is the difficulty 
encountered in consistently making lean 
mortar bars of satisfactory uniformity. 
It is believed that if this fact be kept in 
mind when the bars are made and the 
routine, as suggested in the Appendix, 
or any other routine that may be agreed 
upon, be meticulously followed, the 
results obtained at different laboratories 
will be in agreement satisfactory for an 
acceptance test. In reply to possible 
criticism that sodium sulfate solution 
and magnesium sulfate solution of 0.15 
M are weaker than are to be desired for 
an acceptance test, it will be said that 
concrete in service is rarely exposed to 
sulfate solutions stronger than this. 
Also, using solutions of this strength in a 
laboratory test does seem to rate the 
sulfate-resisting properties of a cement 
quite accurately. It is true that the 
over-all time for this test will require 
54 or 6 weeks, allowing for the making 
of at least three batches of bars on dif- 
ferent days. However, nothing in the 
work covered by this report indicates 
that this time can be satisfactorily 
shortened, either by using bars leaner 
than 1:5 or by using stronger solutions. 


Evaluation of Lean Mortar Bar Tests by 
Sonic Determinations: 


Possibilities of a sonic (dynamic) 
method for testing concrete have received 
considerable attention during recent 
years by a number of workers. An 
extremely valuable summarization of 
work along this line is presented by 
Obert and Duvall in their paper “Dis- 
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cussion of Dynamic Methods of Testing 
Concrete with Suggestions for Standardi- 
zation.”* That paper contains a bibliog- 
raphy on the sonic test. The only labora- 
tory to make sonic tests of the 121 cements 
was the Portland Cement Association 
using an electrical apparatus and bars 
of dimensions 1 by 1 by 11} in. The 
sonic values recorded as percentages 
in Table IV were obtained by Mr. 
Gonnerman, “by squaring the frequency 
of vibration (number per second required 
to produce resonance for the funda- 
mental mode) obtained from the speci- 
men after exposure to sulfate water, or 
solution, subtracting this from the square 
of the frequency of vibration obtained 
before exposure of the specimen, and 
dividing this value by the square of the 
frequency of vibration before exposure. 
This value is then multiplied by 100 to 
put it on a percentage basis.” The 
minus sign was arbitrarily used to indi- 
cate lowering of the frequency of vibra- 
tion which resulted as specimens deteri- 
orated due to storage in sulfate solutions. 

Originally it had been planned also to 
use this method at University Farm, 
but the 1 by 1 by 6}-in. bar was of 
dimensions unsuitable for the sonic test 
with the apparatus at hand. It there- 
fore became a matter of making bars of 
other dimensions or of getting electrical 
equipment that would measure the 
frequency of vibration of the shorter 
bar. Either of these two alternatives 
meant too much added work and expense 
to be considered for the duration of the 
War. 

The sonic determinations of 1 by 1 by 
11}-in. bars of 1:6 mix gave values as 
recorded in Table III, columns O, P, 
and Q. Results were closest in agree- 
ment with the 5-yr. tests of these cements 
for the bars exposed to the 0.15 M solu- 


8 Proceedings, Am. Soc. Testing Mats., Vol 41, p. 1053 
(1941). 
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tions of sodium sulfate. Agreement was 
poorest for the bars in the 0.50 M com- 
bination solution and not much better 
for the bars in the 0.15 M solutions of 
magnesium sulfate. It now seems un- 
fortunate that 1:5 bars were not used 
instead of 1:6 bars in view of the 
generally erratic results obtained by the 
various laboratories with the 1:6 bars. 
The results as reported for the sonic 
test indicate that this method of deter- 
mining the physical condition of the 
bars was, in general, satisfactory. 
Whether the sonic test has any practical 
advantages over the long proven and 
more direct method of change of length 
measurements for an acceptance test for 
sulfate resistance of a cement is still very 
much open to question. 


Summary of Lean Mortar Bar Tests: 


Briefly, the results of the lean mortar 
bar tests appear to warrant the following 
conclusions: 

1. Results of tests of bars in solutions 
of sodium sulfate were less erratic 
than were those of identical bars in 
solutions of magnesium sulfate. 

2. Test results of bars in the 0.15 
M solutions were, in general, less erratic 
than were test results of identical bars 
in the 0.50 M solutions. 

3. Results with 1:5 Ottawa standard 
sand bars were less erratic than results 
with 1:6 Ottawa standard sand bars. 
This difference was particularly marked 
for the bars stored in the 0.50 M com- 
bination solutions of sodium and mag- 
nesium sulfate. 

4. For a routine laboratory perform- 
ance test, it appears that 1:5 bars in 
the following two solutions, changed 
every 7 days, hold most in the way of 
possibilities for an acceptance test of 
any of the bar tests made in these studies: 


0.15 M (2.1 per cent) sodium sulfate, and 
0.15 M (1.8 per cent) magnesium sulfate. 


MERRIMAN SLAB TEST 


Merriman slab tests were made by the 
following cooperators: 


Board of Water Supply, City of New York 
(Stadtfeld), and 

National Research Council of Canada (Wolo 
chow). 


Results of this test as reported by 
Mr. Stadtfeld and Mr. Wolochow are 
recorded in Table IV. The data show 
that agreement of the two laboratories 
was satisfactory to the extent that the 
most resistant of the cements passed the 
test and generally the least resistant failed 
to pass in both laboratories. Agreement 
of results for the in-between cements was 
least satisfactory. It appears that more 
rigid requirements as to evaluating the 
results of the Merriman slab test are 
desirable and the thought naturally 
arises that rating the slabs after exposure 
for some period in excess of 28 days might 
accomplish this purpose. A description 
of the Merriman slab test appears in the 
Appendix. However, inspection of the 
data of Table IV does not give much 
encouragement along this line because 
even after 90 days exposure the Board 
of Water Supply would have passed 
74 and the National Research Council 
66 of the 121 cements. A period of 
exposure longer than 90 days would 
seriously reduce the value of any test 
from an acceptance standpoint. In all 
fairness to the Merriman slab test, it 
must be said that the results recorded 
in Table IV are reasonably in accord with 
the long-time performance records of the 
121 cements to sulfate waters, the chief 
criticism being that, as applied, it is not 
severe enough to be entirely satisfactory 
as an acceptance test. It has been 
suggested that the slab test could perhaps 


be accelerated by transferring the slabs 


to fresh solutions every few days. 
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MERRIMAN SUGAR SOLUBILITY TEST 


Merriman sugar solubility tests were 
made by the following cooperators: 


Board of Water Supply, City of New York, 
and 
National Research Council of Canada. 


With possibly nine exceptions, results 
of the sugar test by the two laboratories, 
as recorded in Table IV, are in 
satisfactory agreement, and correlation 
is fair with the performance records of 
the 121 cements as determined by the 
5-yr. tests. A description of the Merri- 
man sugar solubility test appears in 
the Appendix. An indicated weakness 
of this test from an acceptance stand- 
point is in the distribution of the cements 
with low sugar solubility indices among 
the 12 groups. If 10 ml. of 0.5 N 
HCI be fixed as the upper limit of sugar 
solubility for acceptance, using averages 
of the Board of Water Supply and Na- 
tional Research Council results, 42 
cements that passed would be dis- 
tributed among the 12 groups as follows: 
8, 7, 7, 4, 1, 5, 4, 2, 1, 3, 0, 0. Fixing 
limits other than 10 ml. of 0.5 N HCl 
does not improve this distribution. 
Therefore, used alone, the sugar solu- 
bility of a cement does not appear to be 
entirely satisfactory as an index of 
sulfate resistance. However, if the sugar 
solubility of these cements, as deter- 
mined, be considered in conjunction with 
the quantity of tri-calcium aluminate 
compound, as calculated, this test gives 
indications of definite possibilities. As 
a single example, if 25 per cent be fixed 
as the upper limit of sugar solubility, 
using the averages of the BWS and NRC 
results as recorded in Table IV, at the 
same time limiting C3;A to 7.0 per cent, 
30 of the 121 cements would meet 
these requirements distributed among 
the 12 groups as follows: 
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Number of Cements 


Passing 
10 


Pauv’s WATER FLoc TEstT 


Paul’s water floc test was made by the 
following: 


Public Roads Administration (Kelley), 

Research Council of Canada, and 

Cooperative Drain Tile Laboratory, Univer- 
sity Farm, St. Paul, Minn. 


Agreement of results of this test at the 
three laboratories were, for the most part, 
fairly well in line. Differences were 
most pronounced for the cements very 
low and very high in floc. Results by 
Public Roads Administration were 
mostly lower than those reported by the 
other two laboratories. This may have 
been due to interpretation of the last 
clause of the sentence “If a gelatinous 
precipitate is present, transfer onto 
filter paper, and wash the test tube three 
times by decantation with about 40 
ml. of distilled water for each decanta- 
tion, gently agitating the tube each time 
without disturbing the set cement.’? (See 
the Appendix for the routine of Paul’s 
Water Floc Test.) Differences of ap- 
preciable magnitude occur depending 
upon how “gently” the tube is agitated. 
In the laboratory at University Farm 
it was found by experimentation that 
more consistent results followed when 
the practice was to “shake as hard as 
necessary to remove the floc without 
disturbing the set cement.” This prac- 
tice gave reasonably consistent results 
and, of course, somewhat higher in 
many cases than did “gently agitating.” 
Also, while not known for sure, results 
by PRA for many of the cements low in 


t 

n 

e 

e 

h 

d 

“il 

of 

ld 

st 

all 

it 

ed 

ith 

he 

ief 

Lot 

ry 

en 

ups 

abs 


172 Report or Comaatree C-1 (Appenprx IIT) 


floc seem to have been reported as 0.00 
per cent when the liquid looked clear 
without actually filtering and weighing 
any possible residue. For practical use 
to which this test might be put as an 
acceptance test for sulfate resistance this 
is of small importance and is mentioned 
merely to account for certain differences 
in recorded results that seem to be due 
to slight variations in the routine of the 
test. 

If a limit of 0.80 per cent floc be fixed 
for sulfate resistance, the cements passing 
would be distributed among the 12 
groups as follows based on the tests of 
the three laboratories: 


Passing in 
_ Laboratory All Three 
-| Labora- 
PRA NRC UF tories 

ae 10 10 10 10 
II 9 8 9 & 
Ill 9 7 7 7 
IV 4 4 4 4 
V 3 1 1 1 
VI 5 3 2 2 
Vil 2 1 2 1 
Vill 1 1 1 1 
0 0 0 0 
xX 1 0 0 0 
xI 1 0 0 0 
XII 0 0 0 0 
Totals 45 35 36 34 


Correlation of results of the floc test 
with the performance records of these 
121 cements, while not ideal for an ac- 
ceptance test for sulfate resistance, cer- 
tainly does not miss the mark very far. 


AUTOCLAVE EXPANSION TEST 
All 121 cements were autoclaved by 


Public Roads Administration with results : 


as shown in Table IV. In general, those 


cements low in expansion were those of 
greatest resistance to sulfates, while 
those showing greatest expansion in the 
autoclave were low in resistance. The 
correlation is fair but hardly usable 
alone as a performance test for sulfate 
resistance. 


GENERAL CONCLUSIONS 


All of the short-time tests, even in- 
cluding expansion in the autoclave, gave 
results of a pattern strikingly similar 
to the 5-yr. sulfate resistance of the 
121 cements. Elsewhere in the report, 
at the end of the discussion of each of 
the tests, effort has been made to sum- 
marize the results and will not be 
repeated here except again to point out 
that, all things considered, results with 
lean mortar bars were most nearly satis- 
factory for 1:5 bars stored in solutions of 
0.15 M NaSO, and 0.15 M MgSO, 
Fixing limits of 0.02 per cent expansion 
for the 1:5 bars made at University 
Farm and stored in each of these solu- 
tions would have passed 35 of the 121 
cements, distributed throughout the 
12 groups as follows: 


Number of Cements 
Passing in Both 


Group Solutions 
9 

8 
0 
1 

35 


1944 REPpoRT ON ADDITIONAL Mortar Bar TESTS 


_ The agencies that cooperated in the 
work on which this 1944 report is based 


were: 


California Portland Cement Co., 
California Highway Department, 
Portland Cement Association, and 
Cooperative Laboratory, University Farm. 


Particular mention is made of the 
1943 report, given earlier, because this 
1944 report is much in the nature of an 
addition to that of a year ago. 

Tables VI and VII show results of 
tests of 1:5 bars 1 by 1 in. in cross- 
section made of Ottawa standard sand 
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and 10 brands of cement and stored in 
water and in 0.15 M solutions of Nae- 
SO, and MgSO,. Chemical analyses 
of the 10 lots of cement used in the tests 
given in Table VII are recorded in 
Table VIII. The chemical analyses were 
made by the Portland Cement Associa- 
tion and include the determination of a 
number of minor constituents not ordi- 
narily reported. Lots of these same 10 
brands of cement were among the 121 
collected in 1935 and 1936, and variously 
tested as reported upon a year ago. 
Analyses by the National Bureau of 
Standards of the original lots of the 10 
cements will be found in Table IT of the 
1943 report. The identifying numbers 
and the calculated C;A content of the two 
lots of cements follow: 


Collected, 1935 Collected, 1943 

CsA C3A 

Cement Number | Content, | Cement Number | Content, 

per cent per cent 
405 3.3 779.. 6.5 
426 4.1 780... 6.3 
390. 5.3 781. 6.6 
441 7.3 782 8.1 
614. 8.9 783 10.3 
384 9.7 784 9.5 
486 9.0 785 9.4 
411 11.9 786. 11.0 
Aare 11.0 787 12.1 
483... 11.7 11.2 


Study of the data of Table VI shows 
that in general there was fair agreement 
in the length changes of bars of the three 
lots of cement in the sulfate solutions 
even though there was a spread of 8 
yr.in the manufacture of the cements and 
considerable modification of the composi- 
tion of some of them. Correlation was 
best for the more resistant cements. 
In general, the results of Table VI indi- 
cate that possibilities are good for repro- 
ducing test results of lean mortar bars 
made at a single laboratory. 

In Table VII are shown tests of lean 
mortar bars made at 4” laboratories. 
Bars 5 in. long were made at each of the 
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laboratories and 10-in. bars were made 
at two of them. Correlation of results _ 
obtained by the four labotatories was 
disappointingly poor. It seems possible : 


—— 


that differences in fabrication of the 
bars is the most likely cause for differ- 
ences in the test results as reported. 

Considering only the tests of the 5-in. 
bars from the 4 laboratories, it is evident 4 
that those of the University Farm, 
Portland Cement Association, and Cali- af 
fornia Highway Department laboratories 
correlated with each other somewhat 
better than they did with tests of the _ 
California Portland Cement Company 
laboratory. This is definitely true for | 
the bars in the Na.SO, solutions and is 
questionably true for the bars in the - 
MgSO, solutions. As a matter of fact, 
in all the bar tests made in connection 
with these studies reported upon in 1943 
and 1944, correlation of results invariably 
has been poorest in the MgSO, solutions 
irrespective of solution strengths and 
whether 1:5 or 1:6 bars. 

In the 1943 report it was stated that 
“Fixing limits of 0.02 per cent expansion =— 
for the 1:5 bars made at University 
Farm and stored in each of these solu- | 
tions (referring to 0.15 M Na,SO, and — 
0.15 M MgSO,) would have passed 35 — 


of the 121 cements,” which are distributed 
throughout the 12 groups, as shown in — 
the tabulation given in the 1943 re- 
port. 
If these same limits be applied to the — 
later tests of the 5-in. bars made at the 
UF and CHD laboratories, it is found 
that the 3 cements that passed and the , 
7 that failed to pass were identical for 
these two laboratories. The cements | 
that passed were Nos. 779, 780, and 781 
with percentages of the C;A calculated 
compound of 6.5, 6.3, and 6.6, re- 
spectively, while for the seven yo 7 


that failed C3A ranged from 8.1 to 12,1 
per cent, 


} 
r 
9 
f 
e 
t 
h 
of 
n 
y 
1 
1€ 
nts 
| 
‘he 
his 
an 
of 
)SS- 
ind 


174 q 


Conclusions: 


In conclusion, it is the opinion of the 
Working Committee on Sulfate Re- 
sistance that additional work still is 
needed on the lean mortar bar test before 
definite conclusions can be reached 
as to its usefulness. The Working 
Committee feels this is a matter of 
importance because fallible as the lean 
mortar bar test can be, it is believed to 
hold most in the way of possibilities of 
any short-time test for sulfate resistance 
so far devised. If the difference in 


See Appendix, p. 192. 
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behavior of bars from two laboratories 
is chiefly due to variations of tamping 
by different operators it should not be 
too difficult to standardize satisfactorily 
the details of this operation, but in 
order to do this, additional work will 
be necessary. Therefore, the Working 
Committee recommends that another 
series of bar tests be run in the near 
future providing at least 6 laboratories 
will cooperate. 


Note.—Another series of tests was subse 
quently begun and is in active progress. 


TABL’ 
The 
posure 
Test 
Series 
Num- 
ber 
| 
1584 
1599 
1551 
= 1511 
1568 
1571 
1518 | 
1620 | 
1596 | 
1576 
Avera 
: 1580 
1505 
1593 
1506 | 
1543 | 
1583 
1563 | 
i 1507 
1537 
1554 
Avers 
1503 
1546 
1637 
1628 
1 1619 
af 


ure conditions.* 
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RESISTANCE OF THE 121 CEMENTS OF TABLE II. 
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TABLE I.—RESULTS OF TESTS MADE IN CONNECTION WITH THE DETERMINATION OF SULFATE 


The 121 cements in, the 12 groups are arranged in descending order of resistance based on averages for the three ex- 
The expansion results indicate the time required to increase in length 0.01 in.? 
Test results of cylinders are in all cases averages for 5 cylinders made on different days. 


Strength Tests 


Expansion Tests 
as of May 1, 1945 


Tension Tests of 
Standard Briquets, 
psi. 


Compression Tests of 2 by 4-in. Cylinders, psi. 


Moist Closet 


Tank Specimens 


Medicine Lake 


Months Required 
for Cylinders 
Stored in 1 per 
cent Solutions to 
Increase in 


Specimens® Length 0.01 in.? 
3 days | 7 days &. 7 days | 28days| 1 yr. | 5 yr. 1 yr | 5S yr MgSO, | Na2SO, 
Group 1 
260 335 390 4310 6160 9600 8710 | 8010 (83) | 7410 (85) 120+ 120+ 
310 370 445 4680 5120 9040 8750 | 8050 (89) | 8030 tea 119+ 119+ 
185 255 355 2810 5230 8130 8940 | 7080 (87) | 7820 (88) 121+- 121+ 
275 340 415 4030 5820 7120 8490 | 7060 (99) | 6720 (79) 122+ 122+ 
240 295 345 3910 4180 7010 7660 | 6440 (92) | 6110 (80) 120+ 120+ 
200 : . 315 3220 6830 8370 | 7690 (113) | 6230 ta 120+ 120+ 
240 295 380 3890 5370 8750 9620 | 7820 (89) | 6620 (69) 122° 122+ 
255 325 410 4610 6470 7150 9430 | 7750 (108) | 6770 (72) 110+- 110+ 
300 360 410 4410 5730 8130 9440 | 8120 (100) | 7860 (83) 119+ 119+ 
| 225 295 290 3770 4830 7650 7980 | 6720 (88) | 6600 (83) 120+- 120+ 
250 320 375 3960 5400 7940 8740 | 7470 (95) | 7020 (81) 
Group 2 
300 375 445 5130 5760 8110 8730 | 8510 (105) | 5960 (68) 113 120+- 
315 410 445 5230 5980 7380 8650 | 6470 (88) | 7020 (81) 122* 122+ 
A eee 460 2710 4880 8450 7640 | 8060 (95) | 4810 (63) 119+ 119+ 
280 325 380 5200 7480 7690 | 6100 (82) | 6620 (86) 122+ 122+ 
275 345 465 4130 5940 8670 9180 | 7610 (88 7040 (77) 121+ 121+ 
275 305 410 4300 5420 8640 9150 | 8040 (93) | 6920 (76) 120* 120+- 
320 430 470 5010 6520 7850 8380 | 7340 (94) | 5070 (61) 121* 119* 
355 390 445 5720 6400 7670 7850 | 5910 (77) | 4900 (63) 122* 122* 
255 300 370 3880 5630 7780 7290 (94) | 5930 (66) a38° 121+ 
250 370 400 4800 6040 8600 9310 | 8060 (94) | 6240 (67) 121* 121+ 
275 360 430 4530 5780 8060 8560 | 7340 (91) | 6050 (71) 
Group 3 
| 295 | 355 | 445 | 4920 7480 9050 | 7570 (101) | 6360 (70) | 121* 121* 
220 | 315 | 385 5970 | 6840 7000 | 6550 (96) | 6040 (86) | 123* M11 
| 235 305 410 4780 6160 8960 8770 | 7350 (82) | 5460 (62) 112 120+ 
265 375 385 4150 5080 7800 8190 | 7190 (92) | 5690 (70) 121+ 121* 
275 360 430 4000 | 5520 7700 9390 | 5990 (78) | 2810 (30) 122* 122+ 
255 285 405 4950 6300 7210 8220 | 6010 (83) | 4420 (54) 81 119+ 
305 380 435 5190 6990 7200 9560 | 6050 (84) 4080 (43) 110* 110* 
290 345 440 4960 6330 7170 9280 | 5850 (82) | 5380 (58) 110* 100 
275 295 325 4430 5350 6970 8370 | 5210 (75) | 4090 (49) 109+ 
255 345 425 4860 5600 7570 8150 | 5770 (76) | 4540 (56) 110+ 110* 
4590 | 6000 | 7490 | 8600 | 6350 (85) | 4890 (s8) on 
Group 4 
5390 6670 9120 9160 | 7320 (80) | 4920 (54) 71 121” 
5790 6130 5810 8980 | 6890 (119) | 3480 (39) 113 122* 
6060 6680 8140 9410 | 6780 (83) 4550 (48) 101 107 
4870 5950 8360 8740 | 7070 (85) 2350 (27) 112 121 
4400 5930 7940 9180 | 7230 (91) | 4720 (52) 98 120 
4800 6020 6820 9120 | 5480 (80) | 3210 (35) 95 124 
4120 6700 6450 9650 | 6699 (104) | 4630 (48) 109 
4120 5650 7890 8550 | 6290 (80) 3590 (42) 105 122 
3780 5650 6800 8230 | 6640 (98) | 4960 (60) 79 95 
6920 7290 8190 8820 | 7120 (87) | 3600 (41) 65 93 
4040 6270 7550 8980 | 6750 (91) | 4000 (45) 95 


ing 
be 
— 
a 
Series | Cement 
Ng Num-| Num- 
her ber | ber 
ries | 
1584 | 611.... 
1599 | 631.... 
1511 | 405.... 
1568 | 591.... 
1571 | 576.. 
1518 | 426... 
1620 | 647... 
1596 | 628... 
1576 | 582 
Average..... 
1580 | 596... 
1505 | 387... 
1593 | 621... 
1506 | 390... 
1543 | 507... 
1583 | 605... 
1563 | 561.. 
1507 | 393 
1537 | 489 
1554 | 543 
Average. ... 
1547 | 516... . 
1503 | 381... 
1579 | 608 
1546 | 513 
1523 | 441... 
1637 | 681... 
1628 | 665 
1619 | 646 
1639 683 
1616 | 643 
rage..... 
2| 534... 
8 | 396... 
1348 | 519... 
1553 | 540 
1550 | 528... 
1502 | 378 
1627 | 664... 
20 | 432... 
| 36 | 486.. 
Tage..... 


Cement 
Num- 
ber 


TABLE I.—Continued 
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Strength Tests 


Expansion Tests 
as of May 1, 1945 


Tension Tests of 
Standard Briquets, 
psi. 


Compression Tests of 2 by 4-in. Cylinders, psi. 


Moist Closet 


3 days 7 days don 


7 days | 28 aed 1 yr. 5 yr. 


Tank Specimens 


Months Requi 
for Gia 
Stored in 1 per 


Medicine Lake 


Specimens® 


1 yr. 


cent Solutions to 
Increase in 
Length 0.01 in? 


5 yr. 


MgSO, Na:SO, 


e 5140 | 5890 | 6520 | 5990 | 1570 (24) 

1629 | 666... | 455 | 445 | 485 | 6430 | 5830 | 6100 | 8580 | 6480 (106) | 2480 (29) | 91 9 

1521 | 435 240 | 325 | 365 | 3860 | 5220 | 6920 | 8740 | 5830 (84) | 3070 (35) | 105 97 

1549 | 525 305 | 380 | 410 | $290 | S910 | 8420 | 9580 | 7900 (94) | 4720 (49) | 65 55 

1514 | 414 265 | 375 | 395 | 5320 | 6780 | 7560 | 7930 | 6410 (85) | 1290 (16) | 87 107 

1587 | 614 240 | 320 | 440 | 4340 | 6010 | 8310 | 8080| 890 (71) | 660 (8) | 84 1204 

1532 | 474 325 | 380 | 415 | 5050 | 5690 | 7900 | 7840 | 7210 (91) | 3410 (44) | 55 57 
1531 | 471 280 | 335 | 395 | 4420 | | 8160 | 8000 | 6090 (75) | 4220 (53) | 33 56 

1610 | 642. 420 | 485 | 495 | 6080 | 6350 | 7380 | 8410 | 5670 (77) | 1730 (21) | 98 

1633 | 670. 325 | 415 | 495 | 5690 | 6460 | 6220 | 8400 | 6140 (99) | 1810 (22) | 72 

Average. 330 | 390 | 435 | 5160 | 5920 | 7460 | 8210 | 6360 (86) | 2500 (30) | 719 


260 350 405 
270 330 430 
280 370 385 
300 355 420 
265 255 370 
265 360 400 
295 350 390 
335 380 410 
255 345 405 
325 405 425 
285 350 405 


Group 6 
1567 | 590 225 310 375 3750 4880 7260 7160 | 5890 (81) | 2350 (33) 53 102 
1564 | 564 215 320 390 4120 5760 9240 8690 | 6570 (71) | 2790 (32) 57 55 
1541 | 498 425 440 460 5720 6530 8440 8930 | 7390 (88) | 2290 (26) 79 53 
1594 | 624 250 245 385 3980 5870 7030 8310 | 6300 (90) | 2430 (29) 51 113 
1512 | 408 310 375 455 4800 6590 7200 7170 | 6040 (84) | 2700 (38) 46 0 
1504 | 384 255 350 405 4440 6300 7260 8680 | 6120 (84) | 2640 (30) 60 43 
1558 | 546 275 345 395 5030 6120 8890 8180 | 5920 (67) | 2180 (27) 55 49 
1545 | 510 245 350 415 4200 5230 8110 7970 | 7160 (88) 1960 (25) 54 51 
1555 | 462 320 370 425 4770 7100 9310 10030 | 7880 (85) | 1710 (17) 51 55 
1614 | 679 420 470 465 6240 6890 6610 9100 | 4890 (74) 410 (5) 50 66 
Average. 295 360 415 4710 | 6130 7940 | 8420 | 6420 (81) | 2150 (26) 56 65 

Group 7 


6000 8040 
6490 6910 
6190 8000 
7170 7190 
5230 5980 
5920 6570 

6630 
6430 8370 
5520 6400 
6980 8410 


6180 7250 


| 9100 | 6710 
| 8640 | 6070 
| 9420 | 6540 
| 8770 | 6520 
7460 | 4560 
8450 | 5500 
8130 | 8290 
8200 | 6850 
7860 | 5750 
8120 | 6270 
8420 | 6310 


1570 (17) 54 51 
1160 (13) 57 52 
1420 (15) 50 54 

0 60 56 
1860 (25) 50 49 
1320 (16) 53 46 
1020 (13) 48 46 
550 (7) 45 48 

0 46 53 

0 54 39 
890 (11) 52 49 


Group 8 


6610 | 6620 | 5630 (85) o| 4 48 
1559 | 549 370 | 410 | 375 | 5360 | 6940 | 7620 7870 | 5670 (74) 0 44 47 
1510 | 402 240 | 370 | 405 | 4850 | 6180 7430 9030 | 5270 (71) 0 49 42 
1622 | 653 285 | 370 | 425 | 5250 | 6340 | 7660 7700 | 5720 (75) 0 55 45 
1557 | 465 290 | 355 | 375 | 4450 | 5860 | 8740 9500 | 6590 (75) 0 48 41 
1539 | 501 290 | 375 | 400 | 5610 | 6890 | 7880 8860 | 6700 (85) 0 47 37 
1538 | 492 315 | 365 | 440 | 4930 | 6480 | 7880 8180 | 5900 (75) 0 47 4 
1591 | 619 280 | 345 | 400 | 3760 | 4720 | 7460 8120 | 6030 (81) 0 43 4 
1529 | 459 320 | 400 | 405 | 5430 | 6350 | 7210 8590 | 5970 (83) 0 41 43 
1517 | 423 255 | 355 | 420 | 4140 | 5320 | 6410 8610 | 5010 (78) 0 38 40 
Average. 295 | 370 | 405 | 4920 | 6120 | 7490 | 8310 | 5850 (78) 0 46 43 

Group 9 

1540 | 495....| 260 | 315 | 355 | 4500 | 5950 | 8190 | 8910] 5720 (70) 0 42 27 
1533 | 477....| 260 | 355 | 385 | 5280 | 6260 | 8050 | 8910 | 6150 (76) 0 37 27 
1597 | 629....| 385 | 490 | SoS | 5930 | 8730 | 9100 | 8090 | 6380 (70) 0 34 37 
1526 | 450....] 370 | 420 | 440 | 4600 | 4910 | 6160 7140 | 4200 (68) 0 35 29 


ylinde 
average 
appreci 


cylinde 


wal 
a 
| 
— 
| d 
Series Series 
7 Num- Num- 
ber ber 
| 
| 
1556 | 
1516 | 
1626 | 
1525 | 
1632 | 
wall 
Avera 
1592 
1590 
1595 
1528 
1542 | 
1618 | 
‘ 1609 
1623 | 
1582 | 
1621 
Avera 
1573 
1617 
1500 
1575 
1562 | 558 4160 15600 
: 1624 | 659 4390 1641 
1 1570 | 573 4270 1574 
1630 | 667 1513 
1638 | 682 5140 1501 
1527 | 453.. 4920 1631 
1509 | 4650 
1565 | 567 5240 Averz 
1522 | 438. 4260 
1561 | 555.. 5960 
Average... 20 |) 
1334 
1544 
1515 
1000 
1519 
1572 
1530 
1615 
1598 
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TABLE I.—Concluded 


Expansion Tests 
Tests Strength Tests , as of May 1, 1945 : 
, 1945 
Tension Tests of Months Required 
Standard Briquets, Compression Tests of 2 by 4-in. Cylinders, psi. for Cylinders 
ers psi. Stored in 1 per 
ia | | Moist Closet lank Specimens Specimens¢ Length 0.01 in.” 
| | 3 days | 7 days Pt 7 days | 28 days} 1 yr. | 5 yr. 1 yr. | Syr. MgSO. | Na2SO« 
Group 9—Continued 
os 1556 | 5S2....| 435 | sos | 445 | 5490 | 7320 | 7810 | 8010 | 5060 (65) 0 37 26 
105 1516 | 420....| 380 | 410 | 430 | 5770 | 6410 | 7220 7700 | 4710 (65) 0 35 34 
” 1626 | 663....| 230 360 415 4420 5780 5960 7140 | 5420 (92) 0 31 24 
2 1525 | 447....| 280 360 385 5060 6020 7370 8690 | 5190 (70) 0 30 29 
; : 1632 | 669....| 320 410 435 5370 6200 7500 7460 | 4630 (62) 0 33 27 
Fi 1588 | 615....} 250 305 405 4270 5580 7690 7510 | 4460 (58) 0 30 41 
7 Average... 315 | 395 | 420 | 5070 | 6320 | 7510 | 7960 5190 (70) oo} 3 30 
85 Group 10 
1592 | 620....} 310 365 435 4980 6270 7340 8170 | 5540 (75) 0 28 27 
1590 | 618....| 340 400 440 5660 6560 8430 7680 | 6280 (74) 0 25 31 
1595 | 627....| 270 310 425 4190 5860 8130 8240 | 6340 (78) 0 27 18 
— 1528 | 456....| 340 380 395 5820 6270 7050 7940 | 4310 (61) 0 30 26 7 
102 1842 | 504....| 265 340 420 4290 5330 8030 9970 | 5150 (64) 0 29 17 
55 1618 | 645....| 320 345 390 5330 6470 5670 7300 | 4740 (84) 0 26 26 
53 1609 | 641....| 330 430 455 4770 6690 6670 7770 | 4910 (74) 0 35 20 
i 3 1623 | 656... 285 350 385 5050 | 5550 6960 8030 | 5040 (72) 0 32 20 
6 1582 | 602....| 270 330 405 5220 6090 6680 8510 | 5510 (82) 0 23 24 
43 1621 | 650....| 235 315 355 4770 6100 6780 7860 | 4890 (72) 0 27 21 
ss Average......| 295 | 355 | 410 | soto | 6120 | 7170 | 8150 | 5270 (74) o | 28 23 
55 
66 Group 11 
65 1573 | 594 305 | 350 | 470 | 3600 | 4520 | 7580 7230 | 2450 (32) 0 29 28 
1617 | 644 250 335 370 4150 6480 6280 7490 | 4150 (66) 0 24 22 
1500 | 372 260 310 410 5340 7680 8440 | 4760 (62) 0 32 17 
— 1875 | 579 255 325 420 5070 6370 8140 8760 | 5820 (71) 0 21 21 : 
51 1560 | 537 235 | 345 355 4180 5880 7430 7660 | 4700 (63) 0 31 16 
52 1641 | 685 335 375 355 4500 5420 5990 7570 | 5810 (97) 0 25 17 
54 1574 | 595 255 305 350 3970 3990 5600 5530 | 3320 (59) 0 30 21 f 
56 1513 | 411 250 340 380 5000 6010 6540 6800 | 4770 (73) 0 27 16 
49 1501 | 375 290 375 410 5640 5960 7290 8070 | 4060 (56) 0 29 14 
46 1631 | 668 260 335 420 4510 5560 6070 7800 | 4420 (73) 0 21 14 
° Average 270 340 395 4470 5550 6860 7540 | 4430 (65) 0 27 19 
33 
Group 12 
‘ 1534 | 480 330 375 425 5490 6620 8650 7460 | 5360 (62) 0 23 14 
= 1544 | 522 305 390 405 5350 5710 7440 8570 | 4860 (65) 0 24 12 
1515 | 417 275 345 350 5700 5330 7100 7140 | 3700 (52) 0 23 14 
eam 1600 | 632 300 390 420 4880 5560 7970 7590 | 3710 (47) 0 23 13 
48 1519 | 429 350 370 380 4530 5820 7830 8770 | 2660 (34) 0 19 13 
47 1572 | 593 275 360 425 4700 | 5670 7350 7900 | 3080 (42) 0 16 12 
42 1530 | 468 285 325 360 4260 | 5020 6860 8040 | 2990 (44) 0 16 10 
45 161 680 295 380 420 4950 6710 7090 7140 | 4860 (69) 0 11 10 
41 1598 | 630 240 305 355 3870 5180 7540 7760 | 3430 (45) 0 15 10 
37 1625 | 662 265 380 410 4380 6370 6700 7990 | 2700 (40) 0 12 il 
44 1 483 255 295 395 4070 5210 7040 7750 | 1990 (28) 0 16 10 
43 Average......| 290 355 395 4740 5750 7420 7830 | 3580 (48) 0 18 12 
40 
eel * The expansions on which the order of resistance was partly determined for the cements of this table were those of 
43 ylinders after exposures that averaged about 5 yr., w hereas, the expansions now shown are after exposures that have 
— averaged about 10 yr. Rearrangement on the basis of the 10-yr. tests would somewhat modify this order but would not 
iably change the picture as a whole. 
—— A plus (+-) sign following a number indicates that none of the 5 cylinders of that series had increased in length by - 
n és much as 0.01 in. while an asterisk (*) indicates that one or more cylinders had expanded 0.01 in. but that the average 
or the series will exceed the months indicated. 
37 “ Figures in parentheses indicate per cent of normal strength of the Medicine Lake cylinders based on parallel tests of 
Glinders from the same batches stored in 
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‘TABLE IV.—-MISCELLANEOUS SHORT-TIME TESTS MADE OF THE 121 CEMENTS OF TABLE I BY 
FOUR LABORATORIES IN STUDIES OF ACCEPTANCE TESTS FOR SULFATE RESISTANCE. 


Columns are lettered at the top to facilitate comparison with data of Table V. 


Standard 


Briquets Rated 
Merriman Slab Test Visually After 
6 months in § 
Cement Index si 

cent Paul’s Method ml. wes N| 2 28 


to to 1 
days | Fait | | Fail | NasSOy| MgSO, 


Water Floc Test, Merriman 
per cent Sugar Test 
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a 
— 
Ceme: 
Nu 
J 06... 0.00 | 0.00 7 
y 631 29 —0.05 | 0.00 7 44 
531 0.00 | 0.00 7 66 
= 405 eas —0.01 | 0.00 8 435 
591 24 0.05 | 0.47 7 525 
576 0.04 | 0.00 6 414 
r _ 426 63 0.03 | 0.00 6 614 
7 647 117 0.01 0.00 474 
628 28 | —0.01 | 0.00 7 $71 
wi 582 23 0.04 | 0.37 6 642 
0.01 | 0.08 6.8 
S64 
679 
_ | ox.|.......| Ge | so | 2 4 
608 | 6 7 ) 
513 1% | 6 6 
53440. | s " 
396 6 <49 
519 39. 5 
$4089, 5 653 
528 7 
4326S... 7 619 
486 78... 489 
$70 43 $23 
> Average... 6.2 
i »* e 
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TABLE IV.—Continued 


Standard 
Briquets Rated 
Visuall 
6 mon 


After 
sin 5 


h 


t 


r cent 
ution 


UF 


Merriman Slab Test 


Fail | MgSO« 


NRC | NRC 


Merriman 
Sugar Test 


ml. of 0.5 NV 
HCl 


Water Floc Test, 
per cent 


Paul’s Method 


PRA | PRA | NRC| UF |BwWs|NRC| Bws | BWS 


RS: 


|} 


MI HOMACM BOR | 
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45.6 | 39.1 


WO | © 


2.57 


2.64 


» oo 
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MONO 
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ODOWM™ 


™ 
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38 
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2.33 | 45.0 | 39.9 


KHON 
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2.32 


2.15 


Nn 
Nn 
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| 
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| 


7 
Y 
— 
Iter 
fter Auo-| 
1 xpan 
Numbers Days 
B50. | days days ] 
UF 
AA 
(R) (S) (T) (Vv) (W) (X) (Y) (Z) (AA) 
Group 5 
7 “44 7 0.69 | 3.50 58. K inde 6 
7 666 47 5 1.07 1.70 5 | 66. K 58 
435 66 9 0.97 2.25 7 | 48. K 6 
7 525 86... 9 0.16 | 2.10 52 K 3 5 
6 414 1.11 1.70 11 1 5 
6 614 «104... 2.06 | 2.10 40 K 3 5 
- Tb... 1.07 | 2.15 6 K 89 G 56 4 6 
7 71 ° 2 0.00 | 0.30 3 5 6 
6 42 46....] 10. 5.17 | 8.20 55 51 G 49 ‘ 
670 127... 6 1.83 2.40 46 
Average. ...| 8.2 | 0.07 | 1.41 | 3.7 | 5.6 
GROUP 4 
7 — 
2 2 K 
6 | 52 K 59 
6 64 109... 51.8 | MLK 
x 403 3. 3. K 
& 6 4 K 
7 50 42. K 
Pry 19 48.. ) 2.32 58 
Average....| 8.2 | 0.12 | 0.83) 1.44 | 1.39 | 24.00 | 2. 5.7 
Group 7 } 
G | 70 2 6 
7 7 «124... 88 
» 8... 95 G | 2 4 
Average... | 0.15 | 1.73] 1 
44... 0. 46 oni .....i 6 
49 0. 16 OK.| 44 o 5 
2 56... 0. 4 Oe. @i 0 
«119... 0. O.K.| 95 G | 35 
Se *... 0. O.K. 89 G 46 2 5 
as 0. O.K. 81 G 42 2 5 
92 79... 0. O.K. 60 G 28 2 5 
19 107... | 0. 5 
9 14... | 0. O.K. 5 
423 62.. | F | 23 0 3 
Average. . 9.0 1.4 | 4.9 
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TABLE 1V.—Concluded 
| | | Standard 
Jater Floc Test, Merriman riquets Rated 
ite per cent | Sugar Test Merriman Slab Test Visually After 
» clave 6 months in § 
CGA Expan- r cent 
Cement Index sion, Solutions 
Numbers pact per Days Days 
cent ai ml. of 0.5 NV 28 
Paul’s Method HCl to to 
| Fail | Fail | NaSO,| MgSO, 
PRA | PRA|NRC| UF | BwS|NRC| BWs | BWS | NRC|NRC| UF | UF 
(R) (S) (T) (U) (VV) (W) (X) (Y) (Z) (AA) 
Group 9 
80. 9.7 0.15 | 2.74| 2.95| 3.90| 58.9| 40.4] OK.| 53 G 42 2 5 
11.9 0.09 | 2.33 | 3.00] 3.96 | 63.9 | 59.6] OLK. 74 | O.K. 35 0 1 
45 11.6 | 0.36 | 5.71 | 10.10 | 15.10 | 67.4 | 70.3) O.K. | 37 G 49 1 6 
36... 6.1 0.07 | 1.21 | 2.30 | 3.63 | 60.2 | 48.0} O.K. |... 4 5 
42 8.4 0.10 | 1.48 | 3.10] 4.52 | 71.9 | 69.4] O.K. O.K. 2 6 
34 11.3 0.12 | 2.27 | 4.40] 8.92 | 55.2 | 41.0] O.K. 52 G 35 0 3 
123 10.0 0.12 | 1.19 | 0.80] 1.45 | 49.4] 29.8] O.K. |.... 
8.0 0.13 | 2.05 | 2.15 | 2.39 | 57.5 | 62.2] O.K.| 89 G 56 0 5 
126 11.8 9.12 | 2.39) 2.10| 2.42] 7.6] 5.3] OK.| 51 G 
105....| 14.1 0.07 | 2.81 | 2.60) 2.80 | 50.3 | 48.2| F 13 | F 11 0 5 
Average. ...| 10.3 | 0.13 | 2.42 | 1.1 45 
Group 10 
620 108....) 11.4 0.25 | 0.73 | 0.90; 1.16} 2.8] 2.8] O.K.]...... G 35 1 5 
618 13.5 0.12} 2.43] 1.30} 1.52] 4.3] O.K. 42 G 35 2 5 
627-110 9.3 0.18 | 13.50 | 7.55 | 7.99 | 58.2 | 53.3 | O.K. 53 F 18 2 5 
456 37 6.8 0.10 | 1.97] 3.40 | 4.57] 72.2 | 69.0] O.K. | OX. |... 1 2 
504 82....| 10.0 0.27 | 2.13 | 2.35 | -1.59 | 46.7 | 36.1| O.K.| 110 | 35 0 2 
645 0 | 8.5 0.14 1.29 2.50 2.37 | 57.0 | 56.6 | O.K. 52 G 35 ; : 
O41 | 3.75 7.80 | 6.25 4.4 4.0 F 14 F 
656 120....) 10.5 0.38 1.69 2.95 | 3.52 | 56.9 | 45.5 F 28 F ; 2 ae 
602 101 9.9 0.65 3.00} 3.50} 3.90] 18.2} 5.3 | O.K. 45 19 0 4 
650 «118 11.0 0.22} 4.42) 3.70) 4.30 | 61.0 | 51.6] O.K. 38 F 
Group 11 
594 2S... | 12.9 0.15 | 18.75 | 4.50 | 25.14] 48.3 | 40.2| O.K.| 59 G 35 1 3 
644 «115 9.5 0.18 | 1.45 50 | 3.81 | 54.9 | 46.1 | O.K. 32 19 
372 26 0.20 | 2.75 | 4.90) 5.78] 55.9 | 52.3 | F 21 F 19 0 3 
579 %....1 0.13 | 3.86 | 4.40 | 2.19 | 52.6 | 45.2 | O.K. 38 F 19 0 2 
537 88. 10.3 0.20 3.03 2.90 | 2.55 | 39.6] 8.2 | O.K. 109 F 21 0 2 
685 132 10.2 | 0.35 | 9.39) 6.55 | 8.40] 54.5 | 47.1 F 10 F 
595 99....| 12.6 | 0.40 ....| 4.70 | 2.15 | 26.8 | 38.6] F 13 F 20 1 3 
411 59. 11.9 | 0.03 | 0.41 | 1.05 | 1.09 | 28.2] 6.2] O.K. 89 F 26 0 1 
375 50....| 10.9 | 0.55 | 5.67 | 5.20| 4.04] 53.9| 55.4] F 15 F 19 0 3 
668 125.. 9.5 | 0.34] 6.49] 3.90) 3.94] 54.4] 45.3] F 28 
Average 11.2 | 0.25 | 5.80] 4.06) 5.91 | 46.9 | 38.5 0.3 | 24 
“Group 12 
48076. 13.4 | 0.29| 6.68 | 7.45; 13.05 | 65.8] 54.6] F 24 F 17 0 3 
85. 11.6 | 0.20} 6.98 | 10.10 | 9.14 | 67.6 | 62.3; F 19 F 14 0 3 
61.. 11.0 0.20} 2.55 | 3.35 4.34 | 52.3 | 51.7 | O.K. 32 F 19 0 0 
 *- 11.4 0.17 | 5.76} 3.90} 5.35 | 56.5 | 47.9 F 28 F 28 0 3 
64... 13.3 0.22 | 4.72 | 6.45 | 10.12 | 59.6 | 34.1 F 24 F 24 0 2 
98... 13.8 0.22 | 15.18 | 12.30 | 14.11 | 61.6] 55.0] F 14 F 10 1 4 
2 12.0 | 1.55] 4.81 | 4.80] 6.59 | 57.2 | 52.0 F 13 F 17 0 3 
128... 13.5 0.49 6.94 | 4.30 | 4.32 | 64.7 | 50.2 F 12 F en errs ree 
10.8 0.39 | 3.83 | 4.60 | 4.74 | 58.8 | 48.5 | O.K. 39 F 16 0 2 
122....| 14.2 0.82 | 15.37 | 9.75 | 11.67 | 73.2 | 67.6] F 28 F 
0.94 | 7.82 | 4.85] 6.85 | 47.1 | 39.7| F 13 F 14 0 2 
Average....| 12.4 0.50} 7.33| 6.53 | 8.21 | 60.4 | 51.2].......]...... 0.1 2.4 


= 


* Value is for C2F and is not included in average for C3A,. 
G indicates gradual disintegration. 
_ ©F indicates failure. 
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TABLE VI.—LENGTH INCREASES IN PER CENT OF 1:5 OTTAWA STANDARD SAND BARS MADE 
OF 3 LOTS OF 10 CEMENTS, 1 BY 1 BY 64%-IN. BARS WITH 5-IN. NET LENGTHS. 
Data from Cooperative Drain Tile Laboratory, University Farm. 


Fresh Lots of Cements 
Cements Stored 5 yr. in Air-Tight Cans : . Fresh Lots of Cements Tested During 
and Tested During 1941 and 1942 Tested D “i948 Spring of Winter of 1943 and 1944 


Ce- | Ce- _— Ce- 
ment | ment ment 
Num- | Num- Num- 


ber | 1 | 2 | 3 | 4 |Avg.| ber | 1 | 2 | Avg.| ber 
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0.00 | 0.02 
0.01 | 0.02 
0.02 | 0.02 | 
0.01 | 0.02 
0.00 | 0.01 
0.03 | 0.04 
0.02 | 0.06 

0.22 
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786 
TY 
78: 
784 
78: 
78¢ 
785 
TY 
77! 
| 78) 
| 426....| 0.02 0 00 78: 
390... 0.01) 0.01 |... .00 784 
0.00) .00 78: 
486 0.02} 0.00 | .. .00 
614 0.01) 0.00 |... ‘00 
384. ...|—0.01| 0.00 .00 787 
4i1.. 0.01) 0.01 00 
417 0.00] 0.01 00 
483....| 9.00) 0.00 |... |—-0.0 00 
Na2St 
405....| 0.01] 0.01 | 0.00 | 0.01 0.02 | 0.01 | 0.01 
426....| 0.04] 0.02 | 0.02 | 0.01 0.01 | 0.02 | 0.01 
390. 0.02 0.02 | 0.0; 0.01 | 0.03 | 0.02 
441....| 0.01] 0.01 | 0.00 | 0.0; 0.03 |......| 0.04 , 
486...) 0.03) 0.01 | 0.01 | 0.0; 0.09 ....| 0.09 
614....| 0.16} 0.10 | 0.07 | 0.0: 0.30 Ny 
384....| 0.02] 0.04 | 0.02 | 0.0. 0.20 | 0.09 | 0.12 
411. . 0.73] 0.57 | 0.2% 776 3.31 2.4 0.42 | 0.50 | 0.32 
| 417....| 1.89] 1.40 1.3 777...| 0.81 | 1.08 | 0.94] 787...] 0.34] 1. 0.85 | 0.92 | 0.76 
483....| 2.56] 1.32 _.| 788...| 0.02} 0.02 | 0.05 | 0.03 
0.15 M MgSO, 3 
| 405....| 0.01] ¢ | 769...| 0.02 | 0.02 | 0.02| 779...| 0.01] 0.¢ 0.02 | 0.01 | 0.01 5 
426....| 0.03} ¢ 778...| 0.02 | 0.04 | 0.03) 780...| 0.01) 0.¢ 0.01 | 0.01 | 0.01 6 
390. 0.03) 770... 0.02 | 0.02) 781 0.02) 0.( 0.02 | 0.02 | 0.02 
| 441....) 0.01] € 771...| 0.02 | 0.02 | 0.02] 782...| 0.04) 0.( 0.05 | 0.10 | 0.06 8 
we 4 486. 0.02) ¢ 773. ..| 0.04 | 0.11 | 0.07} 785...| 0.13] 0.1 0.16 | 0.20 | 0.15 
614. ...| 0.06] ¢ 0.24 | 0.39 | 0.27 
' | 334. ...| 0.01] 0.02 0.03 | 772...| 0.04 | 0.05 | 0.04] 784...| 0.06} 0.¢ 0.08 | 0.08 | 0.07 
: 4 411....| 0.40) 0.29 0.30 | 776...) 0.30 | 0.69 | 0.49] 786...| 0.14) 0.7 0.27 | 0.27 | 0.22 
0.53] 0.26 6 | 0.45 | 777...| 0.33 | 0.50 | 0.41] 787.. 0.50) 0.4 0.54 | 0.56 | 0.52 
| | 0.42) 0.59 | | 788...| 0.02| 0.04] | 0.03 0.07 | 0.05 
| 
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| 
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TABLE VII.—_LENGTH INCREASES IN PER CENT OF 1:5 OTTAWA STANDARD SAND 1 BY 1-IN. 
BARS, MADE OF 10 CEMENTS AND EXPOSED FOR 28 DAYS AS INDICATED. 7 
Note.—The results reported are of 5-in. bars made at 4 laboratories and 10-in. bars at 2 laboratories. Each result is 
the average of 3 to 6 bars made on 3 or more days. 


| Water Stored 0.15 M Na2SO, 0.15 M MgSO, 

_ C3A Laboratory Designation Laboratory Designation Laboratory Designation 
uF | cpcc| Pca | cHD| Avg. | UF Pca | CHD| Ave. | uF |cecc| Pca |cHD | Avg. 
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TABLE VIII—CHEMICAL ANALYSES OF CEMENTS—SERIES 322. 
Data from Research Laboratory of the Portland Cement Association. 


Insolu- 
Refer- Oxide Analysis, per cent 
ence 

Number 


Fe203° | 


64.76 
63.80 
61.17 
63.33 
63.77 
62.52 
63.05 
62.38 
63.26 
61.11 


0.03 


“ Corrected for insoluble residue. 
Corrected for TiOz + POs. 

© Corrected for FeO as Fe2Os. 

“ Corrected for free CaO. 

* Corrected for Mn2Os. 
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TABLE IX.—CALCULATED COMPOSITION AND MISCELLANEOUS TESTS OF CEMENTS-—SERIES 322. 
Data from Research Laboratory of the Portland Cement Association. 


| Specific 
| Surface 
(Wagner), 

sq. cm. 


Refer- | Lot | Cement | Calculated Comporition Corrected | | | Resting 
~.. | Num- Number ‘ CaO, per | Solution, : 
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77' 0.01 | 0.04 | 0.02 
78 0.02 | 0.03 | 0.03 
78 0.02 | 0.05 | 0.05 
78 0.03 | 0.04 | 0.09 
78 0.03 | 0.04 | 0.05 
78 0.02 | 0.10 | 0.17 
78 0.03 | 0.15 | 0.20 
78 0.03 | 0.04 | 0.13 
78 0.07 | 0.09 | 0.21 
0.03 | 0.06 | 0.10 © 
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LEAN Mortar Bar TESTs 


Following are the essential details of the lean 
mortar bar short-time test for which data are 
recorded in Table III. In a few instances com- 
ments have been inserted regarding routine that 
it is believed would make for improvement in the 


light of experiences with the test. 

Change of Length M ethod.’—Bars shall be 1 by 1 
in. with a 5-in. effective gage length, made of 
Ottawa standard sand (20-30). The mix shall 
be 1:5 by weight, and the water-cement ratio as 


calculated from the normal consistency of the 
cement by the equation following Table II 
of A.S.T.M. Standard Method of Test for 
Tensile Strength of Hydraulic-Cement Mortars 
(C 190 44).6 
This equation is: 
P 
= = 
<< = percentage of water required for the sand 
mortar, 
a percentage of water required for neat ce- 


y = 2/3 


ment paste of normal consistency, 
number of parts of sand to one of cement 
by weight, and 
= a constant which for the standard 20-30 
sand has the value 6.5. 
Each batch of 6 bars shall consist of 1200 g. 
of sand, 240 g. of cement, and the calculated 
amount of water. For a cement of 25.0 per cent 
normal consistency the calculated quantity of 
mixing water will be 133.6 ml. (9.28 per cent of 
the weight of the cement). 

The molds shall ke thinly coated with petro- 
leum jelly, assembled, and stainless steel refer- 
ence plugs (} by }{ in.) shall be screwed into 
place in the removable 1 by 1-in. end plates, care 
being taken to keep the plugs clean and free of oil. 
A 1 by 1-in. piece of cardboard with a hole } in. 
in diameter at the center shall then be placed at 
each end of a mold. Any glazed cardboard 
about 4, in. in thickness, oil soaked and allowed 
to drain i, is satisfactory. A layer of 


® Routine of this particular test is written in the 
future positive tense in order that possibilities of the pro- 
cedure may best be considered and criticized as to accept- 
ability for a specification. 


APPENDIX 


neat cement, of fairly stiff consistency, } in. in 
thickness shall then be pressed against the oiled 
cardboard at each endofamold. A piece of }-in. 
strap iron with a U-shaped opening at one end 
will be useful in placing and smoothing this neat 
cement cap. The thickness of this cap may be 
closely controlled by gaging with a piece of thin 
sheet metal held across the top of a mold at the 
ends while placing the neat cement. 

The dry materials shall be weighed, placed 
upon a glass or other non-absorbent flat surface, 
and thoroughly mixed for 14 min., and a crater 
formed in the center into which is poured the 
proper quantity of distilled water, as calculated; 
the material on the outer edge shall be turned 
into the crater within 30 sec. After allowing an 
additional interval of 30 sec. for absorption of the 
mixing water the operation shall be completed 
by continuous, vigorous mixing, squeezing, and 
kneading with the hands for 13 min. During 
the operation of mixing, the hands shall be pro- 
tected by rubber gloves. 

Immediately after completion of mixing the 
mortar shall be placed in the molds as follows: 

1. About { in. of mortar shall be pressed into 
the neat coment, already in place, around the 
reference plug at each.end of amold. Each end 
of each mold shall receive 6 tamps of the index 
finger of the right hand directed toward the end 
of the mold while the index finger of the left hand 
holds the mortar from shoving out the top of a 
mold. 

2. The remaining mortar shall then be tamped 
into the molds in two layers, with the long axes 
of the bars perpendicular to the front edge of the 
work table. The bottom layer shall be about 4 
in. in depth and shall be given 12 tamps with 
both thumbs working’ together, ends pointed 
directly downward, 6 tamps being distributed 
endwise along a bar in one direction, and the 
other 6 tamps being likewise distributed but in 
the opposite direction. After rotating the molds 
180 deg., the top layer shall then be tamped ina 
similar manner except that following the first 6 
tamps the excess material shall be redistributed 
with the trowel and the last 6 tamps made with 
the face of the thumb. A uniform tamping 
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pressure of 20 to 25 lb. shall be maintained as 
closely as possible through these operations. 

3. The excess material shall be removed from 
the tops of the molds with a straightedge and 
each bar finished with two strokes of the trowel 
exerting a pressure of approximately 5 Ib. 

4, The mold shall then be covered with waxed 
paper, held in place by a sheet metal cover, and 
immediately placed in the moist closet. 

The entire routine of mixing and molding will 
take about 12 min. distributed over the various 
operations as follows: 


REPORT ON SULFATE RESISTANCE OF 121 CEMENTS 


each of the following solutions and a test for 
sulfate resistance shall consist of no fewer than 
six bars made on 3 different days: 

1. Fresh water 

2. Sodium sulfate 0.15 M (2.1 per cent) 

3. Magnesium sulfate 0.15 M (1.8 per cent) 

A cement shall be considered to have failed to 
meet requirements for sulfate resistance if the 
average expansion of the six bars shall have ex- 
ceeded 0.02 per cent in any solution, shall have 
warped badly enough to be appreciably out of 
line, or shall show change of weight by as much as 


(a) Mixing dry materials, 1} min. Ty. 5 per cent. 


(b) Absorption of mixing water, 1 min. 

(c) Mixing wet materials, 1} min. 

(d) Placing in molds, 8 min. 

In view of the relatively long time required to 
prepare these bars it is highly essential that, as 
closely as possible throughout the whole opera- 
tion, the room temperature be maintained at 
73 + 3F. and the relative humidity above 45 
per cent, preferably around 60 to 65 per cent. 

All bars shall be held in molds in the moist 
closet for 46 to 48 hr. Immediately after removal 
from the molds, identification tags, or marks, 
shall be placed on individual bars and the bars 
measured and placed in fresh water for 5 days. 
When 7 days old the bars shall be measured, 
yeighed, and placed in the test solutions and 
thereafter measured at intervals of 7 days and 
again weighed upon completion of the test after 
exposure to the solutions for 28 days, when the 
bars are 35 days old. Previous to weighing the 
bars after exposure to the solutions, they shall be 
lightly brushed, using a 1-in. flat brush of steel 
wire bristles, five full strokes lengthwise for each 
of the four sides of abar. At no time shall other 
than loose material purposely be removed from a 
bar by brushing or otherwise. The procedure to 
follow when weighing any bar shall be to remove 
superficial water by a towel or absorbent paper 
ind at once weigh. All length changes shall be 
calculated as percentage change, based on the 
effective gage length of a bar, assuming as basis 
of calculations the gage reading when placed in a 
solution at 7 days. A ratio of solution to volume 

f bars in any container shall be maintained at 
tbout 4:1, and solution strengths shall be ex- 
pressed in terms of their molarity. Solutions 
shall be held in covered containers and laboratory 
temperatures maintained at 73 + 3 F. Bars 
shall be stored in the solutions in horizontal 
positions on slatted racks of wood or noncorrosive 
metal. Bars shall be so racked as to be an inch 
or so from the bottom of a container with at least 
iin. space between bars. Solutions shall be 
renewed by changing completely every 7 days. 
Duplicate bars from each batch shall be stored in 


MERRIMAN SLAB TEST 


In the Merriman slab test the slabs shall, at 
the end of 28 days, remain firm, hard and strong 
and shall show no signs of disintegration or 
softening. Slight warping or small surface 
cracks on the edges and corners will not be 
grounds for rejection, The test procedure is as 
follows: A sample of 150 g. of the cement is 
mixed with 43 per cent, by weight of water and 
stirred for 1 min. by a rotary stirrer in an 
earthenware jar about 3 in. in diameter and 4 in. 
high. Near the bottom of this jar is a 3-in. 
diameter hole closed with a cork. When the 
stirring is complete, the mixture is rapidly 
poured, by withdrawing the cork, onto a sheet of 
moistened paper as made by the Paterson 
Parchment Paper Company of Bristol, Pa., 30- 
lb. 400 parchment, white, 24 by 36 in., 34.0 
lb. per 500 sheets, or equal, cut to 8 by 10 in., 
the paper being supported on a clean glass 
plate 8 by 10 in. in size. On this paper at con- 
venient positions are placed six ;g-in. steel. balls 
held in position by paraffin shavings. The 
poured slab assumes an oval shape about 4 by & 
in. in size. A second glass plate, also having a 
moistened parchment paper on its face, is then 
gently lowered into position on the steel balls so 
as to exclude all air bubbles. A light weight 
(two soundness pats are sufficient) is then placed 
on top of the upper glass plate and the assembly 
carefully put into the moist closet. Twenty- 
four hours thereafter the assembly is put into the 
water storage tank (circulating water). After 
another 24 hr. the glass plates and papers are 
removed and the slab carefully sawn to size, 2 by 
4in., with a hack-saw and template, it being kept 
under water except during the sawing process. 
At this time a small hole is also drilled through 
the slab at 4 in. from one end and on its center 
line. This hole serves to suspend the slab in the 
test solution. The slab then goes back into the 
water storage tank for 24 hr., when it is removed 
and hung on a copper hanger in a 2-qt. Mason jar 
containing 1500 ml. of a 10 per cent, by weight, 
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solution of anhydrous sodium sulfate (Na-SO,). 
The slab is suspended so that its top is 1 in. 
below the surface of the solution. About 10 
drops of an alcohol solution of phenolphthalein 
are added to the sulfate solution and, after the 
slab has been placed therein, it is titrated every 
24 hr. to the phenolphthalein end point with 6 V 
sulfuric acid. During the test the jars are cov- 
ered with glass tops without washers, except 
when the titration is being done. During that 
process the slab is removed and hung in an 
empty jar close at hand. A daily record of the 
quantity of acid added is kept. A sudden in- 
crease in the quantity of acid consumed is an 
indication of failure of the slab before cracks 
visible to the eye appear. This test is to be made 
at room temperature. 


MERRIMAN SuGAR SotusiLity Test 


a The sugar solubility of the cement shall not 


be greater than 8.0 to the phenolphthalein end 
point, nor greater than 10.0 to the final clear 
point. These values shall be determined as fol- 
lows: A sample of about 100 g. of the cement is 
passed through the No. 200 sieve and put into a 
glass bottle closed with a rubber stopper. From 
this bottle 15 g. are then weighed and placed into 
a Nessler tube containing 100 ml. of a 15 per cent 
solution of cane sugar in distilled water (commer- 
cial granulated sugar such as “Jack Frost”); 
this solution shall not be more than 3 days old. 
The tube and its contents are then quickly 
shaken by hand and placed on a wheel revolving 
about 60 times per min. At the end of about 1 
hr. and 50 min. the mixture is poured into a filter 
paper and funnel and allowed to filter for 10 min. 
when the beaker containing the filtrate is re- 
moved. In case the filtration time of 10 min. is 
too short to produce a volume of filtrate of 30 
ml., it may be lengthened by shortening the time 
of shaking, but the total time from the putting of 
the sample into the solution to the end of the 
filtration must be exactly 2 hr. (The point has 
been raised by Mr. Wolochow that the 2-hr. time 
limit is very unsatisfactory because “some of the 
cement solutions filter very slowly and the shak- 
ing time is therefore reduced inordinately. Also, 
it practically means that a preliminary test has to 
be made with each sample to determine filtration 
time”.) Then 25 ml. of the filtrate is titrated 
with 0.5 N HCl in the presence of phenolphtha- 
lein and the number of milliliters of phenol- 
phthalein and the number of milliliters of acid 
to the end point is the first measure of the sugar 
solubility. At this state of the test, in the case 
of a thoroughly burned cement which has been 
kept dry, the solution will be practically clear 
and only traces of ferric oxide and alumina will 
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be in suspension. In the case of an under- 
burned cement, or one which has been exposed 
to moisture, the solution will be heavily clouded 
and the end point must be approached slowly 
and with caution. When so performed, the 
phenolphthalein end point can be definitely de- 
termined, as the color changes from light pink to 
yellow. The titration is then continued until 
the solution is crystal clear and nothing remains 
in suspension. The total number of milliliters of 
acid from the beginning of the titration to this 
final clear point is the second measure of the 
sugar solubility. This test shall be made at 
room temperature. In addition to discoloring 
the quality of the cements as above stated, this 
test further indicates the character of the hydra- 
tion products which will be realized in the com- 
pleted concrete. 
Paut’s WATER FLoc Test 

A 1-g. portion of portland cement, previously 
dried at 105 to 110 C., is weighed and trans- 
ferred to a dry 100-ml. test tube fitted with a 
cork stopper. Exactly 100 ml. of distilled 
water is then added, while agitating the mixture 
constantly during the addition of the water. 
The cork is then tightly fitted into the top of the 
test tube and sealed with paraffin wax. (At 
University Farm 12-o0z. flat oval bottles fitted 
with paraffined corks were used and found en- 
tirely satisfactory although just a little difficult 
to clean. The bottles were stood on edge in a 
horizontal position during the test. Bottles of 
this type are often times catalogued as “pre- 
scription flat ovals” or merely “flat ovals.”) 
The mixture is shaken by hand a few times for 
5 sec. and the cement is then dispersed evenly 
along the entire length of the tube (or bottle) 
held in a horizontal position. The test tube 
(or bottle) is left lying in a horizontal position 
undisturbed in the laboratory at room tempera- 
ture (70 F.) for a period of 7 days. If a gelat- 
inous precipitate is present, it is transferred onto 
filter paper, and the test tube (or bottle) is 
washed three times by decantation with about 
40 ml. of distilled water for each decantation, 
gently agitating the tube each time without 
disturbing the set cement, (In the laboratory 
at University Farm-the practice that seemed 
best to serve the purpose was to shake as hard 
as necessary to remove the floc without disturb- 
ing the set cement.) The precipitate is washed 
five times with distilled water immediately 
after final decantation, The precipitate is 
dried, ignited at 1800 F., and weighed, The 
percentage of floc is calculated on the basis of 
a 1-g. sample, 
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APPENDIX IV 


PROPOSED METHOD OF TEST FOR FINENESS OF PORTLAND 
CEMENT BY AIR PERMEABILITY APPARATUS! 


Scope 


1. This method of test covers the Blaine 
air permeability apparatus and proce- 
dure for determining the fineness of port- 
land cement in terms of the specific 
surface expressed as total surface area in 
square centimeters per gram of cement. 


Apparatus 


2. (a) Nature of Apparatus.—The 
Blaine air permeability apparatus con- 
sists essentially of a means of drawing 
a definite quantity of air through a 
prepared bed of cement of definite 
porosity. The number and size of the 
pores in a prepared bed of definite po- 
rosity is a function of the size of the 
particles and determines the rate of air 
flow through the bed. The apparatus, 
illustrated in Fig. 1, shall consist specif- 
ically of the parts described in Para- 
graphs (b) to (h). 

Permeability Cell—The perme- 
ability cell shall consist of a rigid cylinder 
1.27 + 0.10 cm. in inside diameter, con- 
structed of glass or noncorroding metal. 
The top of the cell shall be at right 
angles to the principal axis of the cell. 
The bottom of the cell shall form an air- 
tight connection with the top of the 
manometer. A ledge $ to 1 mm. in 
width shall be an integral part of the 

! This proposed method is under the jurisdiction of the 


A.S.T.M. Committee C-10n Cement. Published as infor- 
mation, June, 1945. 


Comments are solicited and should be addressed to the American 


This is a proposed method and is published as information rea 
Society for Testing Materials, 260 S. Broad St., Philadelphia 2, Pa 


cell or firmly fixed in the cell 5.0 + 0.5 
cm. from the top of the cell for support 
of the perforated metal disk. 

(c) Disk.—The disk shall be con- 
structed of noncorroding metal and shall 
be 0.9 + 0.1 mm. in thickness, perforated 
with 25 to 35 holes 1 mm. in diameter 
equally distributed over its area. The 
disk shall fit the inside of the cell snugly. 

(d) Plunger—The plunger shall fit 
into the cell with a clearance of not more 
than 0.1 mm. The bottom of the 
plunger shall have sharp square edges 
and shall be at right angles to the prin- 
cipal axis. An air vent shall be provided 
either in the center or on one side of the 
plunger. The top of the plunger shall 
be provided with a collar such that when 
the plunger is placed in the cell and the 
collar brought in contact with the top of 
the cell, the distance between the bottom 
of the plunger and the top of the per- 
forated disk shall be 1.5 + 0.1 cm. 

(e) Filter Paper—rThe filter paper 
shall be medium retentive, correspond- 
ing to type 1, grade B, as prescribed in 
Federal Specification for Paper; Filtering 
(UU-P-236). The filter paper disks 
shall be circular and shall have the same 
diameter (Note) as the inside of the cell. 


Note.—Filter paper disks that are too small 
may leave part of the sample adhering to the 
inner wall of the cell above the top disk. When 
too large in diameter, the disks have a tendency 
to buckle and cause erratic results. 
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(f) Manometer.—The U-tube mano- 
meter shall be constructed according to 
the design indicated in Fig. 1, using 
nominal 9-mm. outside diameter, stand- 
ard-wall, glass tubing. The top of one 
arm of the manometer shall form an air- 
tight connection with the permeability 
cell. The manometer arm connected to 
the permeability cell shall have a line 
etched around the tube at the mid-point 
between the top of the side outlet and the 
bottom of the manometer and at distances 
of 1.5 cm., 7.0 cm.,and 11.0 cm. above the 
mid-point. A side outlet shall be pro- 

16cm 
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_ Fic. 1.—Blaine Air Permeability Apparatus. 


vided at 25 to 28 cm. above the bottom 
of the manometer for use in the evacua- 
tion of the manometer arm connected to 
the permeability cell. A positive air- 
tight valve or clamp shall be provided 
on the side outlet not more than 5 cm. 


from the manometer arm. The manom- 


eter shall be mounted firmly and in 
~ guch a manner that the arms are vertical. 


(g) Manometer Liquid.—The manom- 


eter shall be filled to the mid-point 


with a nonvolatile, nonhygroscopic liquid 


of low viscosity and density, such as 
dibutylphthalate (dibutyl 1,2-benzene- 
dicarboxylate) or a light grade of min- 
eral oil. 

(h) Timer.—The timer shall have a 
positive starting and stopping mechanism 
and shall be capable of being read to the 
nearest 0.5 sec. or less. The timer shall 
be accurate to 0.5 sec. or less for time 
intervals up to 60 sec., and to 1 per cent 
or less for time intervals of 60 to 300 sec. 


Calibration of Apparatus 


3. (a) Sample.—The calibration of the 
air permeability apparatus shall be made 
using the current lot of National Bureau 
of Standards’ standard sample No. 114. 
The sample shall be at room temperature 
when tested. 

(b) Bulk Volume of Compacted Bed 
of Powder.—The bulk volume of the 
compacted bed of powder shall be deter- 
mined by the mercury displacement 
method as follows: 

Place two filter paper disks in the 
permeability cell, pressing down the 
edges with a pencil or thin rod until the 
filter disks are flat on the perforated 
metal disk; then fill the cell with mercury, 
removing any air bubbles adhering to 
the wall of the cell. If the cell is made 
of material that will amalgamate with 
mercury, the interior of the cell shall be 
protected by a very thin film of oil just 
prior to adding the mercury. Level the 
mercury with the top of the cell by means 
of a small glass plate. Remove the mer- 
cury from the cell, weigh, and record the 
weight of the mercury. Remove one of 
the filter disks from the cell. Using a 
trial quantity of 2.80 g. of cement (Note 
1) compress the cement (Note 2) in 
accordance with Paragraph (e) with 
one filter disk above and one below the 
sample. Fill the space remaining in the 


top of the cell with mercury, remove en- 
trapped air, and level off the top as 
before. 


Remove the mercury from the 
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cell, weigh, and record the weight of 
mercury. 

The bulk volume occupied by the ce- 
ment shall be calculated to the nearest 
0,01 cu. cm. as follows: 


bulk volume of cement in cubic 
centimeters, 

grams of mercury required to fill 
cell, no cement being in cell, 

W» = grams of mercury required to fill 
the portion of the cell not occu- 
pied by the prepared bed of ce- 
ment in the cell, and 

= density of mercury at tempera- 
ture of test in grams per cubic 
centimeter (see Table I). 

TABLE _I.—DENSITY OF MERCURY AND 


VISCOSITY OF AIR AT GIVEN 
TEMPERATURES. 


Density of 
Mercury, 
g. per cu. cm. 


Temperature, 


Viscosity of Air, 
deg. Cent. 


poises 


0.0001808 
0 .0001813 
0.0001818 
00001828 
0.0001837 
0.0001847 
0.0001857 
0.0001876 
0.0001895 


At least two determinations of bulk 
volume of cement shall be made, using 
separate compactions for each deter- 
mination. The bulk volume value used 
for subsequent calculations shall be the 
average of two values agreeing within 
plus or minus 0.01 cu. cm. 


Nore 1.—It is not necessary to use the stand- 
ard sample for the bulk volume determination. 

Note 2.—The prepared bed of cement shall be 
firm. If too loose or if the cement cannot be 
compressed to the desired volume, adjust the 
trial quantity of cement used. 


(c) Preparation of Sample.—The con- 
tents of a vial of the standard cement 
sample shall be enclosed in a 4-oz. jar 


and shaken vigorously for 2 min. to fluff 
the cement and break up lumps or ag- 
glomerates. 

(d) Weight of Sample.—The weight of 
the standard sample used for the calibra- 
tion test shall be that required to produce 
a bed of cement having a porosity of 
0.505 + 0.005, and shall be calculated as 
follows: 


W = 3.15V(1 — e) 


grams of sample required, 


5 = value taken as the specific grav- 
ity of portland cement, 
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bulk volume of bed of cement in © 


cubic centimeters, as determined 
in accordance with Paragraph 
(6), and 
desired porosity of bed of cement 
(0.505 + 0.005). 

(e) Preparation of Bed of Cement.— 


The perforated disk shall be seated on — 


the ledge in the permeability cell. A 
filter paper disk shall be placed on 4 
metal disk and the edges pressed down 
with a pencil or thin rod. A quantity of 
cement determined in accordance with 
Paragraph (d) and weighed to the nearest 
0.01 g. shall be placed in the cell. The 
side of the cell shall be tapped lightly in 
order to level the bed of cement. 
filter paper disk shall be placed on op 
of the cement and the cement i; 
pressed with the plunger until the 
plunger collar is in contact with the top 
of the cell. The plunger shall then be 
removed slowly. 
(f) Permeability 


Test.—The perme- 


ability cell shall be attached to the | 


manometer tube, making certain that an 
airtight connection is obtained (Note 1) 
and taking care not to jar or disturb the 
prepared bed of cement. 


4 


The air in the one arm of the manom- © 


eter U-tube shall be slowly evacuated 
until the liquid reaches the top mark, 
and the valve 


shall then be closed 
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tightly. The timer shall be started as the 
bottom of the meniscus of the manom- 
eter liquid reaches the second (next to 
the top) mark and shall be stopped as the 
bottom of the meniscus of liquid reaches 
the third (next to the bottom) mark. 
The time interval measured shall be 
noted and recorded in seconds. The 
temperature of test shall be noted and 
recorded in degrees Centigrade. 

In the calibration of the instrument, 
at least three determinations of the time 
of flow shall be made on each of three 
separately prepared beds of the standard 
sample (Note 2). The calibration shall 
be made by the same operator who makes 
the fineness determination. 


Nore 1.—If a rubber stopper is used for the 
connection, it should be moistened with water; 
if a standard-taper joint is used a little stopcock 
grease should be applied. The efficiency of the 
connection can be determined by stoppering the 
top of the cell attached to the manometer and 
then partially evacuating the one arm of the 
manometer; then closing the valve. Any con- 
tinuous drop in pressure indicates a leak in the 
system. 

Note 2.—The sample may be refluffed and re- 
used for preparation of the test bed, provided that 
it is kept dry and all tests are made within 4 hr. 
of the opening of the sample. 


(g) Calculation of Constants ——The 
constants of the apparatus shall be calcu- 
lated as follows: 


where: 


K,, Ke, Kz, and K, are constants, 

Sw» = specific surface value of the sam- 
ple in square centimeters per gram 
(in this case the assigned air per- 
meability specific surface value of 
National Bureau of Standards 
standard sample No. 114 used in 
the calibration test), 
time interval in seconds for the 
meniscus of the manometer liquid 
to drop from the second to the 
third marks, 
viscosity of air in poises at the 
temperature of test (see Table I), 
porosity of prepared test bed of 
cement (calculated by means of 
Eq. 2), and 
specific gravity of standard sam- 
ple (assumed to be 3.15). 

(h)  Recalibration—The 
shall be recalibrated (Note): 
(1) At periodic intervals to correct for 

possible wear on plunger or permeability 
cell, 
(2) If any loss in manometer fluid oc- 
curs, and 
(3) If a change is made in the type or 
quality of the filter paper used for the 
tests. 


apparatus 


NorteE.—It is suggested that a secondary sam- 
ple be prepared and used as a fineness standard 
for the check determinations of the _instru- 
ment between regular calibrations with the 


standard cement sample. i 
Procedure 

4. (a) Temperature of Cement.—The 
cement sample shall be at room tempera- 
ture when tested. 

(b) Size of Test Sample-—The weight 
of sample (Note) used for the test shall 
be the same as that used in the calibra- 
tion test on the standard sample, except 
that when determining the fineness of 
high-early-strength cements the weight 
of sample shall be that required to pro- 
duce a test bed having a porosity of 
0.530 + 0.005. 
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Note.—When this method is used for mate- 
rials other than portland cement, the weight of 
sample shall be adjusted so that a firm, hard bed 
is produced by the compacting process. 


(c) Preparation of Bed of Cement.— 
The test bed of cement shall be prepared 
in accordance with the method described 
in Section 3(e). 

(2) Permeability Test—The perme- 
ability test shall be made in accordance 
with the method described in Section 
3(f), except that only one time-of-flow 
determination need be made on the one 
prepared bed of cement. 


Calculati 
culation 
5. (a2) The appropriate constant and 

formula shall be used in calculating the 


specific surface values, as follows: 


5, = specific surface value of test sample 
in square centimeters per gram, 

K,, Ko, K3, and Ky are constants as 
calculated in Section 3(g), 

I = measured time interval, in seconds, 
of manometer drop for test sample, 

n =viscosity of air in poises at the 
temperature of test of the test 
sample (see Table I), 

¢é=porosity of prepared bed of the 
test sample, and 

p =specific gravity of test sample. 
(For portland cement a value of 
3.15 shall be used.) 


Equation 7 shall be used when the test — 
temperature of the sample of cement is 
within plus or minus 3 C. of the tempera- 
ture of calibration test of the standard 
fineness sample and the porosity of the — 
test bed is the same as that used for the 
standard fineness sample. 


Equation 8 shall be used when the — 
temperature of test of the sample of 
cement is not within plus or minus 3 C. 
of the temperature of calibration test of 
the standard fineness sample but the 
porosity of the test bed is the same as 
that used for the standard fineness — 
sample. 


Equation 9 shall be used when the 
porosity of the test bed is different from 
that used for the calibration test on the 
standard fineness sample. 


Equation 10 shall be used when this 
method is applied to materials other than 
portland cement, using the true value of 
p for the specific gravity of the material — 


tested. 


6. A retest of a sample shall be made if 
the specific surface value calculated from 
the first determination is not within the 
specification requirement. The cement 
sample shall first be prepared in ac- 
cordance with Section 3(c). The retest 
shall consist of two determinations made 
as prescribed in Sections 4 and 5, using a 
freshly prepared test bed of the sample 
for each determination. Care shall be 
exercised in the preparation of the test 
beds, and precautions shall be taken to 
insure an airtight connection between the 
permeability cell and the manometer 
arm. ‘The fineness value reported shall 
be the average of the values, calculated 
from retest determinations agreeing 
within 2 per cent of each other. 


Retests 
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REPORT OF COMMITTEE C-4 


. 


PIPE* 


Committee C-4 on Clay Pipe held five 
meetings since its previous formal report 
to the Society in 1940, as follows: in 
Atlantic City, N. J., on June 26, 1940, 
in Chicago, Ill., on June 23, 1941, in 
Atlantic City on June 24, 1942, in 
Chicago on May 18, 1943, and in Chicago 
on May 20, 1944. 

Subsequent to the 1944 Annual Meet- 
ing, Committee C-4 presented to the 
Society through Committee E-10 on 
Standards Tentative Specificaticns for 
Standard Strength Clay Sewer Pipe 
(C 13 — 44 T) to replace Standard Specifi- 
cations C 13-40, and new Tentative 
Specifications for Extra Strength Clay 
Pipe (C 200 — 44 T). 

These recommendations were accepted! 
by Committee E-10 on August 28, 1944, 
and the new tentative specifications ap- 
pear in the 1944 Book of A.S.T.M. 
Standards, Part II. 

_For some time the clay pipe industry 
had recognized the urgent need for A.S. 
T.M. specifications for extra strength 
clay pipe. While such specifications 
were under consideration in Subcom- 
_mittee II of Committee C-4, various 
other organizations such as the American 
Association of State Highway Officials, 
the American Railway Engineering As- 
sociation, and the Federal Government 
published their own specifications for 
extra strength clay pipe. These specifi- 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945, 

1 In submitting these recommendations to Committee 
E-10 on Standards, Committee C-4 reported the following 
results of the letter ballot vote from a committee member- 
ship of 25: C 13 - 44 T, affirmative 19, negative 4, ballots 
marked “not voting” 1; C 200-44 T, affirmative 17, 
negative 7, ballots marked “‘not voting” 0. 


cations are excellent, but they differ from 
each other in small details. A.S.T.M. 
Specifications C 13-44T and C 200- 
44 T are the results of the efforts of 
Committee C-4 to bring about a co- 
ordination of all specifications for stand- 
ard strength and extra strength clay pipe 
which are now available. 

There was some opposition to the 
adoption of the extra strength specifi- 
cation in its present form by a few 
members of Committee C-4, due to the 
fact that the dimensions of the pipe were 
based upon a fixed external diameter 
instead of on a full internal diameter, as 
has been the custom before. However, 
the majority of the committee members 
felt that the adoption of the specifica- 
tions represented a definite step forward 
toward obtaining national] uniform stand- 
ards for clay pipe. 

Subcommittee II on Specifications has 
had the Recommended Practice for 
Laying Sewer Pipe (C 12-19) referred 
to it for study and revision. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 25 voting members; 23 mem- 
bers returned their ballots, of whom 20 
have voted affirmatively, and 3 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


J. C. RIEDEL, 
Chairman. 
RoBert G. Scort, 
Secretary. 
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REPORT OF COMMITTEE C-5 


Since the preceding report in June, 
1943, Committee C-5, on Fire Tests of 
Materials and Construction has held one 
meeting, on June 26, 1944, in New York, 
N.Y. Arrangements for holding a meet- 
ing this year were canceled. 

The committee now consists of 46 
members, of whom 21 are classified as 
producers, 7 as consumers, 15 as general 
interest members, and 3 as consulting 
members. The by-laws of the commit- 


tee were amended to provide for the elec- 
tion of experts, whose advice and coop- 
eration are desired, to serve as consulting 


members, entitled to vote in the sub- 
committees to which they are appointed. 


TENTATIVE METHOD CONTINUED AS 
TENTATIVE 

The Tentative Method of Test for 
Fire-Retardant Properties of Wood (C 
160 - 41 T),! which is based on the use of 
the modified crib test, has been continued 
as tentative? in order to obtain are cord 
of a larger volume of use of the method 
and to develop further sampling re- 
quirements. The subcommittee recom- 
mended a revision in the method, but 
at a later meeting this was withdrawn 
and the recommendation made that the 
method be continued as tentative with- 
Out revision. This recommendation has 
been submitted to letter ballot of the 
committee which consists of 42 members; 
33 members returned their ballots, of 
whom 29 have voted affirmatively, 0 


, *Presented at Forty-Eighth Annual Meeting of the 
society, June 27, 1945. 

11944 Book of A.S.T.M. Standards, Part II. 

* See Editorial Note, p. 202. 


ON 
FIRE TESTS OF MATERIALS AND CONSTRUCTION* 


negatively, and 4 members marked their 
ballots “‘not voting.” 

Fire Tests of Building Construction.— 
Experience with the Standard Methods 
of Fire Tests of Building Construction 
and Materials (C 19 —- 41) has indicated 
in general that they serve satisfactorily 
in rating the fire resistance of building 
constructions such as floors, walls, parti- 
tions,and columns. Subcommittee I has 
recommended to the committee a closer 
definition of the time-temperature fire 
exposure curve and the area thereunder 
taken to a base line of 20 C. (68 F.) de- 
fined at 5-minute intervals. It is also 
considering certain modifications of the 
test procedure applicable to roof con- 
structions but not to floors. A number 
of fire tests of roof constructions have 
been conducted as a source of in- 
formation. 

Fire Tests of Window Assemblies.— 
Proposed Tentative Methods of Fire 
Tests of Window Assemblies were pre- 
sented at the 1943 Annual meeting of the 
Society but were not accepted, largely 
in deference to comments by a repre- 
sentative of the Metal Window Institute. 
During the past year, consideration has 
been given to revision of the former pro- 
posal to define within as close limits as 
practical with present testing equip- 
ments, the fire exposure conditions for 
window assemblies and performance re- 
quirer ents. It is expected that revised 
methods will be submitted to Committee 
E-10 on Standards for publication as 
tentative subsequent to the Annual 
Meeting. 
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Report or Committee C-5 


Progress has been made on the prepa- 
ration of a Proposed Tentative Method 
of Conducting Fire Tests of Wood using 
the fire tube apparatus developed by the 
U.S. Forest Products Laboratory. The 
equipment and method of test were de- 
fined but the proposal was withheld 
pending development of requirements for 
sampling. Such requirements would 
have to be applicable to stock partially 
impregnated with chemicals as well as 
to more nearly full treatment throughout 
the cross-section. 

Fire Tests of Ceiling Constructions.— 
Attention has been given to the develop- 
ment of a Method of Conducting Fire 
Tests of Ceiling Constructions as dis- 
tinct from floor constructions, and a pro- 
posed method was submitted by Subcom- 
mittee I. Action thereon was withheld 
by the committee pending the conduct of 
further fire tests with ceiling construc- 
tions. The results of three tests have 
been made available and further tests 
are in progress. 

Fire Tests of Acoustical and Similar 
Finishes—In developing methods for 
conducting fire hazard tests of acoustical 
and similar materials, further informa- 
tion from flame spread tests conducted at 
the Underwriters’ Laboratories and the 
National Bureau of Standards have been 
obtained but requirements relating to 
details of the equipment and methods of 


test have not as yet been given con- 


sideration. 


Fire Tests of Roof Coverings—A new — 


Subcommittee VIII (H. M. Robinson, 
chairman) was formed to consider the 
preparation of a Method of Conducting 


Fire Tests of Roof Coverings, and to 
determine the classifications of the mate- 
rials and combination of materials em- 
ployed. A meeting of the subcommittee 
has been held at which it was decided to 
give consideration to the fire test pro- 
cedure employed by the Underwriters’ 
Laboratories as a basis for a method of 
fire tests of roof coverings. 

Definition of Terms Relating to Fire 
Resistance-—Subcommittee V has given 
consideration to the development of 
definitions of some of the more common 
terms in present or prospective use in 
the committee’s standards. An experi- 
mental study was made of the British 
test and definition of an incombustible 
material, the method involving progres- 
sive heating up to a temperature of 750 
C. (1382 F.) in 14 hr. Somewhat more 
consistent results were obtained by heat- 
ing the equipment up to the final tem- 
perature (750 C.) before introducing the 
sample. A definition based on the modi- 
fied method is under consideration by the 
committee. 


This report has been submitted to let- 
ter ballot of the committee which con- 
sists of 42 members; 33 members re- 
turned their ballots, of whom 31 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 


S. H. INGBERG, 
Chairman. 


er 

H. M. Rosinson, 
Secretary. 


EpirorRIAL NOTE 


On June 27, 1945, the Administrative Committee on Standards accepted 
the recommendation of Committee C-5 that the Tentative Method of Test 
for Fire-Retardant — of Wood (C 160- 41 » be continued i in its 


present form. 
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Committee C-7 on Lime held one 
meeting during the year, on June 28, 
1944, in New York, N. Y. 

The total membership at present is 
53, of whom 25 are classified as pro- 
ducers, 6 as consumers, and 22 as general 
interest members. 


I. REVISION OF TENTATIVE 


The committee recommends that the 
Tentative Methods of Physical Testing 
of Quicklime and Hydrated Lime (C 
110-38 T)' be revised as indicated in 
the Appendix which revision includes 
changes in the method for determination 
of consistency and the addition of new 
tests for popping and pitting and for 
water retention of hydrated lime.? 


Il. TENTATIVE REVISION OF STANDARD 


The committee recommends the fol- 
lowing method for calculating unhy- 
drated oxides on the as-received basis 
for publication as a tentative revision? 
of the Standard Methods of Chemical 
Analysis of Limestone, Quicklime, and 
Hydrated Lime (C 25 - 44):! 

New Section —Add the following new 
section: 


27. Unhydrated Oxides Calculated on As-Re- 
ceived Basis: (a) Determine the percentages of 
free water, combined water, CO2, SO;, CaO, and 
MgO in accordance with the Standard Methods 
of Chemical Analysis of Limestone, Quicklime, 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 

11944 Book of A.S.T.M. Standards, Part II. 

*See Editorial Note, p. 205. 
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and Hydrated Lime (A.S.T.M. Designation: 
C 25 - 44). 

(b) Calculate the percentage of unhydrated 
oxides on the as-received basis, as follows 
(Notes 1, 2 and 3): 

(1) Calculate the CaO equivalents of the CO, 

and SO;, 

(2) Subtract the sum of these CaO equiva- 

lents from the total CaO, 

(3) Calculate the H,O equivalent of the 

remaining CaO, 

(4) Subtract this value for HO from the 

combined water as determined, 

(5) Calculate the MgO equivalent of the 

remaining combined water, and 

(6) Subtract this MgO equivalent from the 

total MgO as determined to obtain the 
percentage of unhydrated MgO on the 
as-received basis. 

Note 1: Example of Calculation.—The calcu- 
lations involved in determining the percentage 
of unhydrated oxides on the as-received basis 
are illustrated in Table I. 

Notre 2.—This method for calculating the 
percentage of unhydrated oxides is intended 
primarily for use with type S hydrated lime. 

Nore 3.—It is recognized that the results of 
this method of calculation may not be in strict 
accord with, the actual composition of the mate- 
rial. Experience indicates, however, that these 


‘results provide an index to the performance of 


the material in practice. The value obtained 
by this calculation shall be reported to the 
nearest 0.5 per cent. 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists 
of 53 members, with the results shown in 
Table II. 

Contingent upon approval of the 
above recommendations, Committee C-7 
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TABLE I—EXAMPLE OF CALCULATION. 


Values Determined 
from Chemical 
Analysis, per cent 


Residual Values 


Calculated Values, 


Factors per cent 


25.09 — 13.48 
30.68 — 25.98 


0.48 
42.79 — (0.51 + 0.34 = 0.85) = 41.94 


equivalentCaO = 0.51 
equivalent CaO = 0,34 
equivalent = 13.48 
equivalent M = 25.98 
unhydrated MgO = 4.70 


= 11.61 


plans to submit to Committee E-10 
on Standards proposed Tentative Speci- 
fications for Hydrated Lime for Masonry 
Purposes and for Special Finishing 
Hydrated Lime, as well as a proposed 
tentative revision of the Standard Speci- 
fications for Normal Finishing Hydrated 
Lime (C 6-44). 

Committee C-7 recommends that all 
other standards and tentative standards 
under its jurisdiction be continued in 
their present status without revision. 


TABLE II.—ANALYSIS OF LETTER BALLOT VOTE. 


Affir- | Nega- 


Items mative| tive 


I. oF TENTATIVE 
Methods of Physical Testing of 
Quicklime and Hydrated 
Lime (C 110 - 38 T): 
Revision of Section 6 (a).. 
Addition of Test for Popping 
Pitting of Hydrated Lime.. 
Addition of Test for Water Re- 
tention of Hydrated Lime. 


IL. eae REVISION OF 
STANDARD 


Methods of Chemical Analysis of 
‘ Limestone, Quicklime, and 
3 Hydrated Lime (C 25 - 44): 


Mit od for Calculating Unhy- 
drated Oxides on the As- 
Received Basis. 


21% 


ACTIVITIES OF SUBCOMMITTEES 


Advisory Committee (W. C. Voss, 
chairman) held a meeting in New York, 
N. Y., during which the work and re- 
sponsibilities of each of the subcom- 
mittees for the year were planned. A 
revised procedure for subcommittee work 
was recommended to Committee C-7 
as an amendment to its By-Laws and 


has since been adopted. > 


Subcommittee II on Structural Lime 
(Howard R. Staley, chairman) held a 
meeting in New York, N. Y., and another 
in Cambridge, Mass., on February 28, 
1945. At the February meeting con- 
sideration was given to Specifications 
for Masons Hydrated Lime and for 
Type S Finishing Lime. Action was 
also taken at that time to revise the 
Specifications for Type N Finishing 
Lime by eliminating the old soundness 
test and substituting the new test for 
popping and pitting. The specifica- 
tions, together with the proposed tenta- 
tive revision of Standard Specifications 
C6-44 have been recommended for 
letter ballot of the entire committee. 

Subcommittee ITI on Lime for the Chem- 
ical Industries (R. W. McAllister, chair- 
man) held one meeting in New York, 
N. Y. The subcommittee has in hand 
the preparation of the section on special 
requirements for incorporation in the 
master specifications. No comments or 
suggestions were received from the mem- 
bers of Committee C-7 to whom the 


_ form, approved at the June, 1944, meet- 


ing, was submitted. A final draft, 
incorporating whatever additional 
special requirements appear advisable, 
will be ready for letter ballot shortly. 

Subcommittee V on Methods of Test for 
Lime and Lime Products (C. R. Austin, 
chairman) held two meetings during the 
year, one in New York, N. Y., and the 
other in Cambridge, Mass., on Febru- 
ary 28, 1945. The chief work before the 
subcommittee has been the preparation 


=~ 


3 See p. 206. fr 
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of methods of test for popping and pit- 
ting, water retentivity, unhydrated ox- 
ides, and plasticity tests. The sub- 
committee recommended these methods 
for references to letter ballot of the com- 
mittee looking toward their publication 
as tentative. 

Subcommittee VIII on Nomenclature 
and Definitions (Nathan C. Rockwood, 
chairman succeeding W. V. Brumbaugh 
resigned) held one meeting in New York, 
N. Y., at which it completed the Tenta- 
tive Definitions of Terms Relating to 
Lime (C 51 — 44 T)! which were accepted 
at the 1944 Annual Meeting. 

Subcommittee IX on Research Problems 
(C. J. Koehler, chairman) did not hold 


a meeting during the year but has cir- 
culated replies to questionnaires to the 
subcommittee for discussion on the sub- 
ject of testing limes for water retentivity. © 

This report has been submitted to 
letter ballot of the committee which 


consists of 53 members; 30 members re- _ 


turned their ballots, of whom 30 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on ‘behalf of 
the committee, 


L. K. HERNDON, 


Secretary. 


EDITORIAL NOTE 


As indicated in the Summary of Proceedings, p. 6, a proposed revision of the 
Tentative Methods of Physical Testing of Quicklime and Hydrated Lime 
(C 110-38 T) and a proposed tentative revision of the Standard Methods 
of Chemical Analysis of Limestone, Quicklime, and Hydrated Lime (C 25 - 
44) as referred to in the report were submitted by Committee C-7 and accepted 
by the Administrative Committee on Standards on June 27, 1945. The re- 
vised tentative and the tentative revision appear in the 1945 Supplement to 
Book of A.S.T.M. Standards, Part II. 
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= APPENDIX 


Section 6 (a).—Change from its present 
form: namely, 


6. (a) Procedure-—Standard consistency of 
lime putty shall be measured as follows: About 
~ 300 g. of hydrated lime shall be mixed with 
sufficient water to form a thick putty and 
stirred with a trowel or spatula for 2 or 3 min. 
to insure intimate mixing. After aging in a 
vessel covered with a damp cloth for not less 
than 16 nor more than 24 hr., this putty shall 
again be stirred for 2 or 3 min. and a sufficient 
quantity placed in the ring mold resting on the 
glass base plate. The mold shall be placed with 
its larger end resting on the base plate and, 
after filling, the lime putty shall be struck off 
flush with the top of the mold. The lime putty, 
confined in the ring mold resting on the plate, 
shall then be centered under the rod of the modi- 
fied Vicat apparatus, Fig. 1. The plunger end, 
C, shall then be brought in contact with the 
surface of the lime putty and an initial reading 
taken. The rod shall then be released and the 
final reading shall be taken 30 sec. after the 
plunger is released. 


to read as follows: 


6. (a) Procedure.—About 300 g. of hydrated 
lime shall be mixed with sufficient water to 
form a thick putty and stirred with a trowel or 
spatula for 2 or 3 min. to insure intimate mixing. 
If no soaking of the putty is required, the con- 
sistency shall be adjusted immediately by suit- 
able additions of water to conform to the 
requirements for penetration prescribed in 
Paragraph (b). If soaking is required, the 
putty, after initial wetting, shall be stored in a 
vessel covered with a damp cloth for not less 
than 16 nor more than 24 hr. After soaking, 
this putty shall again be stirred for 2 or 3 min. 
and the consistency then determined. To de- 
termine consistency, the mold shall be placed 
with its larger end resting on the glass base 
plate and filled with the lime putty, after which 
the putty shall be struck off flush with the top 
of the mold. The lime putty, confined in the 
ring mold resting on the plate, shall then be 


1 For an explanation of this revision, see p. 203. 


PROPOSED REVISION OF THE TENTATIVE METHODS OF 
*% PHYSICAL TESTING OF QUICKLIME AND | 
HYDRATED LIME (C 110-38 T)! 


centered under the rod of the modified Vicat 
apparatus (Fig. 1). The plunger end, C, shall 
then be brought in contact with the surface of 
the lime putty and an initial reading taken. 
The rod shall then be released and the final 
reading shall be taken 30 sec. after the plunger 
is released. 


New Sections.—Add the following new 
Sections 12 to 16, covering tests for 
popping and pitting and for water reten- 
tion of hydrated lime: 


PopPpING AND PITTING OF HypRATED 


12. Gaging Plaster —The gaging plaster used 
for the popping and pitting test shall have a 
setting time of not more than 1 hr. when tested 
in accordance with Sections 25 and 26(a) of the 
Standard Methods of Testing Gypsum and 
Gypsum Products (A.S.T.M. Designation: 
C 26). The gaging plaster shall be tested 
without lime in the manner described in Section 
13 to ensure its freedom from pops. If any 
pops are found, another lot of gaging plaster 
shall be provided which is free from pops when 
subjected to this test. 

13. Procedure.—(a) Mix 100 g. of hydrated 
lime with sufficient water to bring to such a 
consistency as to give a penetration of 20 + 5 
mm. when tested in accordance with Section 6. 
Mix into this putty, 25 g. of gaging plaster 
(Section 12), adding more water as required to 
maintain workable consistency. Spread on a 
glass plate to make a pat at least 6 by 8 in. by 
approximately } in. in thickness. Trowel toa 
smooth finish. Allow to stand overnight. 

(b) Place the specimen and plate on a rack 
in the steam bath so that water is not in contact 
with the specimen to be tested. A_ sloping 
cover shall be provided above the specimen to 
prevent condensed steam from dripping onto 
the surface of the specimen. Raise the tempera- 
ture of the water in the steam bath to boiling 
and maintain at boiling for 5 hr. Remove the 
specimens from the bath and examine for pops 
and pits. 


2 1944 Book of A.S.T.M. Standards, Part II. 


14 
teste 
1500 


mixis 


206 — one | 


— 


| 
se 
Secti 
Masi 
4 T 
weig 
| lent 
mort 
of ak 
has 
! The. 
into 
nat the | 
the s 
lime 
If h 
make 
#.. 
23 
Appr 
adde 
Ky The 
be a 
vigor 
and 
shall 
15m 
he re 
glove 
15 
table 
‘4 
; to tl 
and 
; (b 
caref 
at tl 
the | 
with 
finge 
4 mold 
= Imm 
wy" a hei 
is tl 
mort 
origi 
juste 
addit 
range 
ment 
i to th 


| a PROPOSED REVISION OF TESTS FOR LIME 


WaTER RETENTION OF HypDRATED LIME 


14. Proportioning and Mixing.—The mortar 
tested shall be composed of 500 g. of lime and 
1500 g. of standard Ottawa sand conforming to 
Section 20 of the Tentative Specifications for 
Masonry Cement (A.S.T.M. Designation: C 91 - 
447). If hydrated lime putty is used, that 
weight of putty shall be used which is equiva- 
lent to 500 g. of the dry hydrated lime. The 
mortar shall be mixed in a nonabsorbent bowl 
of about 1-gal. capacity. A measured quantity 
of water shall be poured into the bow! which 
has previously been wiped with a damp cloth. 
The 500 g. of lime shall then be added and stirred 
into the water with the fingers of one hand until 
the lime is thoroughly wetted (50 to 100 g. of 
the sand may be mixed with the dry hydrated 
lime before the latter is added to the water.) 
If hydrated lime putty is used, it shall be 
diluted with a measured amount of water to 
make a homogeneous slurry, by stirring the 
mixture with the gloved fingers of one hand. 
Approximately one half of the sand shall then be 
added and the stirring continued for 30 sec. 
The remainder of the 1500 g. of sand shall then 
be added and the mortar mixed for 75 sec. by 
vigorous and continuous stirring, squeezing, 
and kneading with one hand. The mortar 
shall then be allowed to stand for not more than 
15 min. with a cover on the bow] and then shall 
be remixed for another 60 sec. immediately be- 
fore testing for flow. During the operation of 
mixing, the hands shall be protected by rubber 
gloves. 

15. Consistency: (a) Apparatus.—The flow 
table and flow mold used for the measurement 
of the consistency of the mortar shall conform 
to the requirements specified in Section 19 (g) 
and (kh) of A.S.T.M. Specifications C 91 — 44 T. 

(b) Procedure.—The flow table top shall be 
carefully wiped dry and the flow mold placed 
at the center. Immediately after completing 
the mixing operation, the mold shall be filled 
with mortar gently pressed into place by the 
finger tips to insure uniform filling. The mortar 
shall be smoothed off level with the top of the 
mold by aid of a trowel, and the mold removed. 
Immediately the table shall be dropped through 
aheight of 4 in., 25 times in 15 sec. The flow 
is the resulting increase in diameter of the 
mortar mass, expressed as the percentage of the 
original diameter. The mortar may be ad- 
justed, if the flow is below 100 per cent, by 
additions of water until the flow is within the 
range from 100 to 115 per cent: Each adjust- 
ment shall be made by returning the mortar 
to the original mixing bowl, adding water, and 
then mixing for 135 sec. by vigorous and con- 
tinued stirring, squeezing, and kneading with 
one hand. If the flow of the original mortar is 


greater than 115 per cent, a new batch shall be 
prepared. 

16. Water Retention Test: (a) Apparatus.— 
For the water retention test, an apparatus es- 
sentially the same as that illustrated in Fig. 1 
of A.S.T.M. Specifications C 91 - 44 T shall be 
used. This apparatus consists of a water 
aspirator controlled by a mercury column relief 
and connected by way of a three-way stopcock 
to a funnel upon which rests a perforated dish. 
A mercury manometer should be connected, as 
shown, to provide a check on the vacuum. A 
rubber gasket is sealed to the top of the funnel 
and shall be kept wet during a test to insure a 
seal between the funnel and dish. The per- 
forated dish shall be made of nonabsorbent 
material. Hardened filter paper equivalent to 
Carl Schleicher & Schuell filter paper No. 575 
shall be used. It shall be of such diameter that 
it will lie flat and completely cover the bottom 
of the dish. 

(b) Procedure.—Immediately after making 
the flow test on the mortar which has been mixed 
and tested as described in Sections 14 and 15, 
the mortar on the flow table shall be remixed 
for 30 sec. with that remaining in the mixing 
bowl. Immediately after remixing, the mortar 
shall be uniformly distributed, without com- 
pacting, over the sheet of dampened filter paper 
in the perforated dish and the surface leveled 
off flush with the rim of the dish by drawing 
a straightedge across the dish with a slightly 
sawing motion. The dish shall then be seated 
on the wetted gasket, and with the mercury 
relief column previously adjusted so as to 
maintain a vacuum of 2 in., the stopcock shall 
be turned to apply the vacuum to the funnel. 
After suction for 60 sec., the stopcock shall be 
quickly turned to expose the funnel to atmos- 
pheric pressure. The contents of the dish shall 
then be immediately removed by means of a 
putty knife or square-end spatula and placed 
in the mold on the flow table. As each “knife- 
full” of mortar is placed in the mold, it shall be 
puddled with glove-covered fingers. When the 
mold is filled, the mortar shall be smoothed off 
level with the top of the mold and the flow de- 
termined as previously. The entire operation 
shall be carried out without interruption and 
as quickly as possible and shall require not more 
than 30 min. for completion, starting from the 
completion of the mixing of the mortar for the 
first flow determination. 

(c) Calculation.—Calculate the water reten~ 
tion value for the mortar as follows: 


Water retention value = 100 

B = flow immediately after mixing. . 


where: 
A = flow after suction, and 
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REPORT OF COMMITTEE C-8 


REFRACTORIES* 


Because of the war situation, Com- 
mittee C-8 on Refractories held but one 
meeting during the year, at Mellon In- 
stitute, Pittsburgh, Pa., on September 
28, 1944. The committee was active, 
however, and transacted additional busi- 
ness by correspondence. 

A number of recommendations, result- 
ing from actions of the committee at its 
September meeting and subsequent let- 
ter ballot, were submitted to the Society 
through Committee E-10 on Standards. 
These recommendations which are listed 
in Table I together with the results of 
the letter ballot vote in Committee C-8 
were accepted by Committee E-10 on 
March 14, 1945, and the new and revised 
tentatives! were assigned the A.S.T.M. 
serial designations indicated. 

W. S. Debenham, representing Car- 
negie-Illinois Steel Corp., was elected to 
committee membership during the year. 
The following members severed their 
connections with the committee during 
the year: E. E. Callinan, R. K. Hursh, 
J. T. MacKenzie, F. Norton, and 
D. L. Ogden. 

Two new subcommittees were estab- 
lished and one inactive one was reestab- 
lished. A new Subcommittee on Special 
Refractories (M. C. Booze, chairman) is 
to prepare information on methods of 
of test and specifications pertaining to 
such refractory products as mullite, 
zircon, basic refractories, and other 
products. The new Subcommittee on 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 

1 These methods were accepted as tentative by the 
Society and appear in ny | Supplement to Book of 

S.T.M. Standards, Part I 
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Petrography (H. M. Kraner, chairman) 
will renew the work of the Section on 
Microscopy which was disbanded a num- 
ber of years ago. 

TABLE I—RECOMMENDATIONS ACCEPTED BY 


COMMITTEE E-10 ON STANDARDS, INCLUDING 
RECORD OF LETTER BALLOT VOTE. 


Nega- 
tive 
Voting” 


I. New TENTATIVES 


Test for Dentin Strength of 
Air-Settin efractory Mor- 
tar (Wet (C 198-45 T). 

Test for Refractoriness of Air- 
Setting Refractory Mortar 
(Wet Type) (C 199 - 45 T) 

Test for Thermal Conductivity 
of Refractories (C 201 - 45 T) 

Test for Thermal Conductivit 
of Insulating Fire Bric 
(C 182 - 45 T).. | 

Test for Thermal Conductivity 
of Fireclay Refractories | 
(C 202 - 45 T) 


II. Revision oF TENTATIVES 


Spec. for Air-Setting Refractory 
Mortar (Wet Type) for Boiler 
and Incinerator Service | 
(C 178 - 45 T) 

Classification of Insulating 
Back-Up Block and Insulating 
Fire Brick (C 155 - 45 T) 


III. Tentative REVISION OF 
STANDARD 
Def. of Terms er to Re- 
fractories (C 71 - 42): 
Definition of Air-Setting Re- 4 


fractory Mortar 
Definition of Fireclay 
Refractory. . 


1V. WiTHDRAWAL OF TENTATIVES| 


Spec. for Air-Setting Refractory 
Mortars (Wet Type) for Boiler 
Incinerator Services 
(C 178 - 44 T) 30 
Test for Thermal Conductivity 
of Insulating Fire Brick 
(C 182 - 43 T) 31 


The Section on Consistency and Plas- 
ticity under Subcommittee III on Tests 
was reorganized as a new Section for 
Tests on Mortars and Plastic Refrac- 
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tories (R. S. Bradley, chairman). The 
principal work for the former section was 
in the field relating to mortars and 
plastic refractories, and the change was 
made in order to include work on addi- 
tional methods of test for these two 
products. 

The Section on Load (J. D. Sullivan, 


chairman) was reestablished after sev-" 


eral years inactivity. 

The Section on Slagging is to remain 
inactive for the present. 

The Regulations Governing Commit- 
tee C-8 were revised to allow for the ap- 
pointment and approval of personnel of 
sections of subcommittees in the same 
manner as is now prescribed for subcom- 
mittee members. ‘This revision involves 
inserting the words “and sections of sub- 
committees” in Section 1 of Article V and 
Section 4 of Article VII. 

Committee C-8 adopted the following 
resolutions: 


It is the declared policy of Committee C-8, 
subject to exception for special reasons, that an 
appointment to the chairmanship of a subcom- 
mittee or section shall be renewed for at least 
one two-year term, but that it shall not be ex- 
tended beyond five two-year terms. 

It is the declared policy of Committee C-8 
that one member of the Advisory Committee 
be replaced at the end of each two-year term. 


I. ADOPTION OF TENTATIVE 
METHODS AS STANDARD 


Tentative Method of Panel Test for Re- 
sistance to Thermal and Structural S pall- 
ing of Fireclay Plastic Refractories (C 180 
-43T)2—In 1942 this method was 
included as part of the Tentative Speci- 
fications for Fireclay Plastic Refrac- 
tories for Boiler and Incinerator Services 
C176-42T). In 1943 the method 
was separated from the specifications 
and published separately as tentative. 
Since this method has been found satis- 
factory, Committee C-8 recommends 


41944 Book of A.S.T.M. Standards, Part IT. 
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that it be approved for reference to 
letter ballot of the Society for adoption 
as standard. 

Tentative Method of Test for Work- 
ability Index of Fireclay Plastic Refrac- 
tories (C 181-43 T).2—This tentative 
method also was formerly a part of 
Specifications C 176 from which it was 
separated in 1943. Editorial changes — 
were approved by Committee C-8 to 
incorporate an improved means of meas- 
uring the length of the specimen before | 
and after the impacts to which it is sub- 
jected during the test. The committee 
accordingly recommends that the method 
be approved for reference to letter ballot — 
of the Society for adoption as standard, 
with the minor editorial revisions. 


II. ADOPTION AS STANDARD OF TENTA- | 


TIVE REVISIONS OF STANDARDS 


Method of Panel Test for Resistance to 
Thermal and Structural Spalling of Re- 
fractory Brick (C 38—42).2—The tenta- 
tive revision? of this method, published 
in 1943, concerns Sections 4, 5, and 7, 
and specifies increased accuracy in 
weighing the test brick, a narrower per- 
missible range of temperature variation 
during the preheating, and deletion of 
instructions for rearranging the test 
brick when a second test is conducted on 
test specimens. As no objections have 
been received, the committee recom- 
mends that this tentative revision be ap- 
proved for reference to letter ballot of the 
Society for adoption as standard. 

Method of Panel Test for Resistance to 
Thermal and Structural Spalling of High 
Heat Duty Fireclay Brick (C 107 - 42), 
and Panel Test for Resistance to Thermal 
and Structural Spalling of Super Duty 
Fireclay Brick (C 122 —42).2—Section 4 
(d) of each of these two methods was 
tentatively revised in 1943. In this 
section closer limits for furnace gas pres- 
sure during preheating were specified, 
and references to the use of gas or oil asa 
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fuel were deleted. Since data obtained 
in spalling tests are in good agreement 
whether gas or oil is used as a fuel, and 
since this was one of the purposes of the 
tentative revision, the committee has ap- 
proved editorial deletion of all other 
reference to the use of gas as a fuel in 
these methods. No criticism has been 
received. The committee recommends 
that both of these tentative revisions be 
approved for reference to letter ballot of 
the Society for adoption as standard. 

III, REvIsIoN OF STANDARDS, 

IMMEDIATE ADOPTION 


Methods of Chemical Analysis of Re- 
fractory Materials (C 18-41).2—It has 
been found that Section 54 of these 
methods does not provide reliable results 
for the ignition loss of chrome ore and 
chrome refractories. Apparently close 
control of atmosphere in which operation 
takes place must be maintained. The 
committee accordingly recommends that 
this section be withdrawn and asks for a 
nine-tenths affirmative vote at the An- 
nual Meeting in order that this recom- 
mendation may be referred to letter bal- 
lot of the Society. 

Definitions of Terms Relating to Refrac- 
tories (C 71 —42).2—The committee rec- 
ommends that the definition for “high- 
temperature bonding mortar” be with- 
drawn inasmuch as it has been replaced 
by the definition of air-setting refractory 
mortar which, as given under the report 
of Subcommittee VI has been accepted 
for publication as tentative, and asks for 
a nine-tenths affirmative vote at the 
Annual Meeting in order that this recom- 
mendation may be referred to letter 
ballot of the Society. 


we 


The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
33 members; 31 members returned their 
ballots with the results shown in Table IT. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Industrial Survey 
(L. C. Hewitt, chairman) is supervising 
revisions of surveys on refractories used 
in coke ovens, for open-hearth furnaces, 
and in the lead industry. ‘The open. 
hearth survey has been completed by W. 
S. Debenham of Carnegie-Illinois Stee| 
Corp. and is now being reviewed by the 
Editorial Subcommittee. Two new sur. 


TABLE II.—ANALYSIS OF LETTER BALLOT VOTE, 


Af- 
Items firma- 
tive 


Nega- 
tive 


J. AporpTion oF TENTATIVE 
METHODS AS STANDARD 


Panel Test for Resistance to 
Thermal and Structural Spall- 
ing of Fireclay Plastic Re- 
fractories (C 180 - 43 T) 

Test for Workability Index of 
Fireclay Plastic Refractories 
(C 181 - 43 T) 


II. Apoption as STANDARD OF 
TENTATIVE REVISIONS OF 
STANDARDS 


Panel Test for Resistance to 
Thermal and Structural Spall- 
ing Refractory Brick 
(C 38 — 42) 

Panel Test for Resistance to 
Thermal and Structural Spall- 
ing of High Heat Duty Fire- 
clay Brick (C 107 - 42) 

Panel Test for Resistance to 
Therma] and Structural Spall- 
ing of Super Duty Fireclay 
Brick (C 122 - 42) 


III. Revision oF STANDARDS, 
IMMEDIATE ADOPTION 
Chemica] Analysis of 

Materials (C 18 — 41) 
Def. of Terms Relating to Re- 
fractories (C 71 - 42) 


veys are planned. It is hoped that H. A. 
Arndt, Consolidated Gas and Electric 
Co., will undertake a survey of refractory 
service conditions in the gas industry and 
that E. E. Callinan will prepare a survey 
on steel-mill pouring pit refractories. It 
is not expected that these surveys, other 
than the open-hearth, will be completed 
until after the war period. 
Subcommittee II on Research (R. B. 
Sosman, chairman), as indicated, is now 
under the chairmanship of Mr. Sosman. 
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At the last meeting of the Advisory Com- 
mittee, this appointment was made in 
view of the newly adopted policy of Com- 
mittee C-8 of changing committee per- 
sonnel in order to keep new life blood in 
all groups. 

Subcommittee III on Tests (F. A. Har- 
vey, chairman) is composed of the 
chairmen of the several sections described 
below. This subcommittee, in coopera- 
tion with the Editorial Subcommittee, 
separated the test methods from the 
Specifications for Air-Setting Refractory 
Mortar (Wet Type) for Boiler and In- 
cinerator Services (C178-43T) and 
prepared the two new methods for deter- 
mining bonding strength and refractori- 
ness for this type of mortar. All test 
methods under the jurisdiction of Com- 
mittee C-8 are being reviewed in order to 
insure that all equipment is adequately 
described. Further activities of the 
subcommittee are discussed under the 
individual sections. 

Section A on Load (J. D. Sullivan, 
chairman) was reestablished at the last 
meeting of the Advisory Committee, and 
is giving consideration to setting up load- 
test schedules for brick not now covered, 
particularly silica and the various basic 
and neutral products. Questionnaires 
have been sent out to 26 laboratories, 
believed to have load-test equipment, to 
learn how they are currently conducting 
such tests. 

Section B on Spalling (R. E. Birch, 
chairman) reviewed the tentative revi- 
sions issued in 1943 for the several spall- 
ing procedures (Methods C 38, C 107, 
and C 122) and recommended that these 
revisions be adopted as standard. The 
adoption as standard of the Test for 
Workability Index of Fireclay Plastic Re- 
fractories (Method C 181-43 T) with 
editorial revisions was also recommended 
by this subcommittee. 

Section C on Temperature (S. M. 
Phelps, chairman) was under the chair- 
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manship of R. B. Sosman prior to the last 
meeting of the Advisory Committee. 
During the year Mr. Sosman presented 
to the American Ceramic Society a paper 
entitled “Significance of the P.C.E. Test 
of Refractories and Refractory Raw Ma- 
terials.” 

The matter of standardizing cone 324 
at the National Bureau of Standards has 
been postponed until after the war. 

Section D on Slagging was declared 
temporarily inactive at the last meeting 
of the Advisory Committee. 

Section E on Analysis (L. J. Trostel, 
chairman) prepared a number of edi- 
torial changes in the Methods of Chemi- 
cal Analysis of Refractory Materials 
(C 18-41) which were approved by 
the committee. 

Section F on Tests on Refractory Insu- 
lation (W. R. Kerr, chairman) is con- 
sidering the desirability of extending the 
classes in the Tentative Classification of 
Insulating Back-Up Block and Insu- 
lating Fire Brick (C 155-41 T) to in- 
clude group 30 material. The Refrac- 
tories Fellowship at Mellon Institute 
studied the properties of two brands of 
insulating fire brick which were manufac- — 
tured for 3000 F. service. This informa- 
tion will be used in connection with the 
above-mentioned possible revision of 
Classification C 155. 

Section G on Porosity and Permanent 
Volume Change (C. E. Fulton, chairman) 
was inactive during the year. 

Section H on Tests for Mortars and 
Plastic Refractories (R. S. Bradley, 
chairman) is a new section formed at the 
last Advisory Committee meeting to re- 
place the former Section H on Consist- 
ency and Plasticity. The principal 
work of the former section was in mortars 
and plastic refractories. The new sec- 
tion will work on other methods of test 
for these two refractory products. 

Section I on Petrography (H. M. 
Kraner, chairman) is in the course of or- 
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ganization and is getting a program lined 
up. 

Subcommittee IV on Heat Transfer (R. 
H. Heilman, chairman) prepared the 
three new tentative methods of test for 
thermal conductivity to replace Method 
C 182-43 T. Use was made of in- 
formation presented in a paper by T. C. 
Patton and C. L. Norton, Jr. on ‘‘Meas- 
urement of the Thermal Conductivity of 
Fireclay Refractories.’ 

Subcommittee V on Precision and 
Tolerance (R. A. Heindl, chairman pro 
lem) has been preparing paragraphs on 
sampling for inclusion in various specifi- 
cations to be presented at the next 
meeting. In the revision of subcom- 
mittees, E. E. Callinan was appointed 
chairman of Subcommittee V, but his 
subsequent change of employment auto- 
matically dropped him from membership 
on Committee C-8, and R. A. Heind] is 
serving as chairman until Mr. Callinan 
resumes membership on the committee. 

Subcommittee VI on Nomenclature (R. 
A. Heindl, chairman), prior to the last 
meeting, was under the chairmanship of 
M. E. Holmes. The subcommittee pre- 
pared the following definitions for air- 
setting refractory mortar and fireclay 
plastic refractory, which, as mentioned 
earlier in this report, were accepted by 
Committee E-10 for publication as a 
tentative revision of the Standard Defi- 
nitions of Terms Relating to Refractories 
(C 71-42): 


Air-Selting Refractory Mortar.—A finely 
ground refractory material prepared in the wet 
or dry condition which, when tempered with the 
required amount of water, forms a mortar that 
will, upon drying, develop a strong air-set bond 
between refractory brick and maintain a bond 
when heated to furnace temperature. 

Fireclay Plastic Refractory.—A fireclay mate- 
rial tempered with water and suitable for ram- 
ming into place to form a monolithic furnace 
lining that will attain satisfactory physical 


3 Journal, Am. Ceramic Society, October, 1943. 


properties when subjected to the heat of furnace 
operation. 


The subcommittee is now considering 
a revision of the definition for fire clay as 
well as a change in the new definition for 
air-setting refractory mortar. 

Subcommittee VII on Specifications 
(G. A. Bole, chairman) prepared the new 
Tentative Specifications for Air-Setting 
Refractory Mortar (Wet Type) for Boiler 
and Incinerator Service (C 178-45 T) 
which replace Tentative Specifications 
C 178 44 T. 

Subcommittee VIII, Editorial (L. J. 
Trostel, chairman) handled all routine 
matters in connection with editorial 
changes in standards and editorial form 
of new standards and industrial surveys, 

Subcommittee IX on Classifications 
(S. M. Swain, chairman) recommended a 
revision in the Classification of Insulating 
Back-Up Block and Insulating Fire 
Brick (C 155-41 T) so as to eliminate 
any reference to insulating back-up 
block, which, as mentioned earlier in this 
report, was accepted by Committee 
E-10. Careful consideration was given 
to suggested changes in the Classifica- 
tion of Fireclay Refractories (C 27- 41), 
but the committee decided that no 
change should be made in the classifica- 
tion at this time. 


This report has been submitted to 
letter ballot of the committee, which con- 
sists of 32 members; 31 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


J. D. SULLIVAN, 
Chairman. 
L. J. TROSTEL, 
Vice-Chairman. 


S. M. PHELpPs, 
Secretary 
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ON 
MORTARS FOR UNIT MASONRY* 


; Since presenting its 1944 report, suggested revisions of the specifications 
ations Committee C-12 on Mortars for Unit have been submitted by most of the 
: Masonry has held one meeting in New members of the subcommittee. These 
L. J York, N. Y., on June 29, 1944. At revisions will be referred by correspond- 
utine this meeting it was voted to hold a meet- ence to all members of the subcommit- 
torial ing of the committee in conjunction with _ tee and it is hoped that the specifications 
form the spring meeting of the Society. Early will soon be ready for submittal to the 
rveys. in 1945, however, the officers of the com- main committee. 
atvons mittee canvassed the members on the A letter ballot in Subcommittee III 
ded a advisability of holding a meeting and, ona proposal for the adoption as stand- 
lating as a result of this canvass, the contem- ard of the Tentative Specifications for 
Fire plated spring and summer meetings of Mortar for Reinforced Brick Masonry 
mate the committee have been canceled. (C 161-44 T) resulted in a number of 
ck-up The membership of the committee suggested revisions in the specifications 
this now consists of 35, of whom 13areclassi- which are now under consideration. 
wre fied as producers, 7 as consumers, and As a result, Specifications C 161 =. 
15 as general interest members. being continued as tentative. 
sifica- Working Subcommittee on Efflo- 
ACTIVITIES OF SUBCOMMITTEES rescence (P. L. Rogers, chairman) has 
shee The activities of the subcommittees Conducted research on methods of test 

have been materially restricted during for efflorescence of mortars and reports 
the past year due to the limited amount Progress, particularly through the use of 
d to of time that members could devote to fllorwicks (standard clay units). 
1 con- this work and the drastic reduction in . . 
S Ie the staffs of cooperating research labora- This report has been submitted he 
have tories; however, some progress has been [etter ballot of the committee which 
made. consists of 35 members; 27 members 
A proposed draft of specifications for returned their ballots, all of whom have 
lf of mortars for unit masonry has been dis- Voted affirmatively. 
tributed to the members of Subcommit- ; 
AN, tee III on Specifications and Methods Respectfully submitted on behalf of 
rman. of Test for Mortar (H. C. Plummer, the committee, 
EL, acting chairman) and comments and Turopore I. Cor, 
rman. Chairman. 


* Presented at Forty-Eighth Annual Meeting of the 


Society, June 27, 1945. rorre 


Harry C. PLUMMER, 
Secretary. 
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ations 
Boiler 


Committee C-15 on Manufactured 
Masonry Units held a meeting on June 
29, 1944, in New York, N. Y., during the 
1944 Annual Meeting of the Society. 
There have been no other meetings of 
the committee or its subcommittees dur- 
ing the year because of the difficulties 
encountered due to war conditions. 

These same wartime conditions have 
retarded much of the research and other 
activities that often have yielded infor- 
mation warranting new recommendations 
affecting standards. Moreover, experi- 
ences with new products and processes 
and with masonry structures built during 
the war have not been reported with 
sufficient completeness to warrant analy- 
sis and conclusions, and the nature and 
extent of revisions that may be sug- 
gested by these experiences cannot be 
foretold now. The committee and many 
of the subcommittees are planning for 
the future and the termination of the 
war undoubtedly will show renewed 
activity. 


REVISION OF TENTATIVE SPECIFICATIONS 


Subsequent to publication in 1941, of 
the Tentative Specifications for Vitrified 
Clay Filter Block for Trickling Filters 
(C 159 — 41 T),' competent critics of the 
specifications suggested the desirability 
of including requirements limiting the 
size and shape of the drainage channels. 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 
1 1944 Book of A.S.T.M. Standards, Part II. 


ON 
MANUFACTURED MASONRY UNITS* 


It was pointed out that drainage chan- 
nels of a small cross-sectional area might 
not have sufficient capacity and that 
those of rectangular cross-section would 
clog more rapidly than those narrower at 
the base than at the top. The con- 
mittee accordingly recommends? the fol- 
lowing revision in these specifications 
which it is believed will provide the 
desired limits on size and shape of 
drainage channels: 

New Section.—Add a new Section 8 to 
read as follows, renumbering the subse- 
quent sections accordingly: 


8. Drainage Channels.—(a) The aggregate ef- 
fective cross-sectional area of the drainage 
channels in a filter block shall not be less than 
15 sq. in. per ft. of width of that filter block. 
The effective cross-sectional drainage area shall 
be defined and measured as the sectional area 
lying below the lowest level of the aperture slots. 

(b) The cross-sectional shape of the bottom 
of the drainage channels of any filter block shall 
be curved or narrowed in width to form a trough 
in the bottom of each channel, so as to accelerate 
flow of effluent and to minimize stranding of 
solids in such channels. 

(c) The height of the drainage channels in any 
filter block shall be not less than 2} in. measured 
from the lowest level of the aperture slots. 

(d) There shall be not less than two parallel 
drainage channels per foot of width of a type I 
filter block. 


This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 52 members; 29 mem- 
bers returned their ballots, of whom 23 
have voted affirmatively, 0 negatively, 


2 See Editorial Note, p. 215. 
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and 6 members marked their ballots 
“not voting.” 


ACTIVITIES OF SUBCOMMITTEES 


Most of the subcommittees are faced 
with several problems relating to stand- 
ards under their jurisdiction. The sub- 
committees concerned with masonry 
units used in building construction are 
following the rapid progress being made 
by industry and the Sectional Com- 
mittee on Coordination of Dimensions 
of Building Materials and Equipment 
(A.S.A. Project A62) in the development 
of workable plans for the coordination 
of dimensions of building materials. 
Some of the members of Committee C-15 


On MANUFACTURED Masonry UNITS 


are active in this work and are eatin 
the committee informed regarding ac- 
tions in which it may be interested. * 
This report has been submitted to 
letter ballot of the committee which 
consists of 52 members; 29 members re- 
turned their ballots, of whom 28 have 


voted affirmatively, and 0 negatively. iy ; 


Respectfully submitted on behalf of 
the committee, 


D. E. Parsons, 

‘ Chairman. 
J. W. WHITTEMORE, 


Secretary. 


> 
EDITORIAL NOTE 


Subsequent to 7" Annual Meeting, Committee C-15 scciteiaiall to the 
Administrative Committee on Standards that the Tentative Specifications for 
Vitrified Clay Filter Block for Trickling Filters (C 159-41 T) be revised 


as covered in the report. 


This recommendation was accepted by the Stand- 


ards Committee on July 24, 1945, and the revised specifications appear in 
the 1945 Supplement to Book of A.S.T.M. Standards, Part II, bearing the 


designation C 159-45 T. 
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REPORT OF COMMITTEE C-16 
ON 


THERMAL INSULATING MATERIALS* 


_ Committee C-16 on Thermal Insulat- 
ing Materials held no meeting during 
the past year. However, several sub- 
committees held meetings in Pittsburgh, 
Pa., during the week of February 26, 
There have been several changes 
in the membership of the committee. 

_ The committee records with sorrow 
the death of Commander F. C. Hough- 


ten, chairman of the Joint Committee 


on Thermal Conductivity of All Forms 
of Insulation. This was a serious loss 
to the committee as Commander Hough- 


ten had served the committee faithfully 


well. 


The Advisory Committee 
took appropriate action and sent a copy 
of the resolution to the late Com- 
mander’s family. 


Apoption or TENTATIVE METHODS 
AS STANDARD 


The committee recommends that the 
following three tentative methods be 
approved for reference to letter ballot 
of the Society for adoption as standard 
with revisions in two as indicated: 


Method of Test for Compressive Strength of 


Preformed Block Type Thermal Insulation— 
Identical with the test in Tentative Method 
C 165 - 41 T.! 

Tentative Methods of Test for Covering Capac- 
ity and Volume Change Upon Drying of 
Therma! Insulating Cement (C 166-41 T)! 
with the last sentence in Section 5 (f), changed 
to read as follows: “The oven chamber shall 
be adequately vented in such manner as to en- 
sure complete circulation of the atmosphere 
of the entire oven chamber, preferably by fan 
or other forced circulation method.” 
*Presented at Forty-Eighth Annual Meeting of the 


Society, June 27, 1945. 
11944 Book of A.S.T.M. Standards, Part II. 


Tentative Method of Test for Thermal Con- 
ductivity of Materials by Means of the 
Guarded Hot Plate (C177-42T)! with 
the following revisions: 

Section 4(b).—Change the third sentence to read: 
“The term guarded hot plate is applied to the 
entire assembled apparatus including the heat- 
ing unit, the cooling units and the edge insula- 
tion.” 

Add the following note at the end of Paragraph 
4 (b): 

NotEe.—The surfaces of the heater plates and 
cooling plates should be finished to as nearly 
a true plane as possible and should be checked 
periodically. Variations over 90 per cent of 
the surface should be nil with maximum vari- 
ations on any portion of the surface not ex- 
ceeding 0.003 to 0.005 in. 

Add a new Paragraph 4 (g) to read as follows, 
relettering the present Paragraph (g) as (h): 
(g) The edge insulation may be of any con- 
venient loose fill or blanket type insulating 
material to reduce edge losses from the heater 
plate, test specimens and cooling plates. It 
shall be of such thickness that the resistance to 
edge losses shall be at least twice and prefer- 
ably three or more times the thermal resist- 
ance of the specimen in the direction of normal 

heat ‘flow. 


II. TENTATIVE METHOD CONTINUED AS 
TENTATIVE 

The committee recommends that the 
test for flexural strength now appearing 
in the Tentative Methods of Test for 
Compressive Strength and Flexural 
Strength of Preformed Block Type Ther- 
mal Insulating Materials (C 165-41 
T)! be continued as tentative without 
revision and published separately under 
a new A.S.T.M. designation. 


III. REviIs1on oF TENTATIVE 
SPECIFICATIONS 


The committee recommends that the 
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Tentative Specifications for Mineral 
Wool Thermal Insulating Cement 
(C 195 — 44 T)? be revised as follows and 
continued as tentative: 

Section 2.—Change the requirement 
for thermal conductivity at a mean tem- 
perature of 200 F. from “0.80” to read 
“0.70” max., Btu. in. per sq. ft. per hr. 
per deg. Fahr. 

Section 4 (d).—Following the sentence 
reading ““The perforated plate. . . .” add 
the following sentence: “The oven cham- 


TABLE I.—-ANALYSIS OF LETTER BALLOT VOTE. 


| Ballots 
Affir- | Nega- |Marked 
mative| tive “Not 
Voting’’ 


Items 


I. ADopTION OF TENTATIVE 
METHODS AS STANDARD 


Test for Compressive Strength of 
Preformed Block Type Ther- 
mal Insulation (Identical with 
test in Method C 165 - 41 T) 37. 0 6 

Test for Covering Capacity and 
Volume Change Upon Drying 
of Thermal Insulating Cement 
(C 166 - 41 T), as revised... 29 2 6 

Test for Thermal Conductivity of 
Materials by Means of the 
Guarded Hot Plate seal 177 - 
42T), as revised ..... 39 0 4 


Il. Tentative Metaop Con- 
TINUED aS TENTATIVE 
Test for Flexural Strength of Pre- 
formed Block Type Thermal 
Insulation (Identical with test 
in Method C 165 - 41 T) ; 37 0 6 


Ill. Revision or TENTATIVE 
SPECIFICATIONS | 


Spec. for Mineral Wool Thermal) 


ber shall be adequately vented in such 
a manner as to ensure complete circula- 
tion of the atmosphere of the entire 
oven chamber, preferably by fan or other 
forced circulation method.” 

In Paragraph 4 (e) add the same sen- 
tence as given above in Paragraph 4 (d), 
after the sentence which reads ““The oven 
shall have a volume... .” 


An editorial change is also recom- 
mended in Specifications C 193 - 44 T, 
C194~44 T, C 196 — 44 T, and C 197 - 


*See Editorial Note, p. 219. — 
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44 T, for thermal insulating cements 
comprising the inclusion in each of the 
sentence on circulation of air in the oven 
to read as given above in Section 5 (f) 
of Specifications C 166. 

The recommendations appearing in 
this report have been submitted to 
letter ballot of the committee which 
consists of 51 members, with the results 
shown in Table I. 


IV. EMERGENCY STANDARDS 


The committee recommends that the 
following Emergency Standards be with- 
drawn2 


Emergency S pecifications: 


Blanket Thermal Insulation for Building Pur- 
poses (ES - 14), 

Blanket Thermal Insulation for 
Purposes (ES - 15), 

Blanket Thermal Insulation for Refrigeration 
Purposes (ES - 16), 

Preformed Pipe Covering Thermal Insulation 
(ES - 17), 

Preformed Block Thermal Insulation (ES - 18), 
and 

Structural Insulating Board Thermal Insulation 
(ES - 19). 


ACTIVITIES OF SUBCOMMITTEES © 


Industrial 


Subcommittee I on Physical Properties 
of Preformed Block Insulation, Including 
Pipe Covering (C. B. Bradley, chairman). 
—This subcommittee is now giving fur- 
ther study to the test for flexural 
strength as applied to wool-type block 
insulation. A series of tests recently 
performed seems to indicate that some 
modification of this test may be advis- 
able when applying it to blocks made 
from wool-type insulation or that a com- 
pletely new form of test may have to be 
developed for testing this characteristic. 

Subcommittee II on Physical Proper- 
ties of Insulating Board Made from Both 
Mineral and Vegetable Materials (P. D. 
Close, chairman).—Study and revision 
of present test procedures applicable to 
insulating board are being undertaken 
by this subcommittee as a necessary 
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preliminary to the writing of specifica- 
tions. 

Subcommittee III on Physical Proper- 
ties of Thermal Insulating Cement (H. 
W. Greider, chairman).—A cooperative 
program of study of methods of testing 
the adhesiveness of thermal insulating 
cement to steel is under way. This 
program, which includes consideration 
of the Navy method, has for its objective 
the development of an improved test 
method. 

Subcommittee IV on Physical Proper- 
lies of Blanket and Semirigid Insulation 
Made from Both Mineral and Vegetable 
Materials (R. E. Cryor, chairman).- 
Two characteristics relating to blanket 
and semirigid types of insulation are at 
present under discussion. These are 


fire ‘resistance and the effect of wetting. 
Test procedures are being outlined for 
these two items. 

Subcommittee V on Physical Proper- 
ties of Loose-Fill Thermal Insulation 


Made from Both Mineral and Vegetable 
Materials (J. F. White, chairman).— 
Physical properties for which _ tests 
should be made have been established 

and test procedures are being formulated. 
_ Use specifications that will include both 
mineral and vegetable loose-fill with 
appropriate temperature limits are being 
prepared. 

Subcommittee VI, the A.S.T.M. Group 
of the Joint Committee on Measurement 
of Thermal Conductivity of All Forms of 
Insulation (F. B. Rowley, chairman).— 
This group has under consideration two 
problems, first the guarded hot box 
method for measuring heat transmitted 
through a structure, such as a wall or a 
ceiling, and second the test procedure 
for the measurement of thermal conduc- 
tivity of sectional pipe covering. 

Subcommittee VIT on Measurement of 
Thermal Properties Other Than Thermal 
Conductivity of Thermal Insulating Mate- 
rials (G. M. Rapp, chairman).—The 
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work of this subcommittee includes con- 
sideration of test procedures to measure 
the following characteristics: Determina- 
tion of the maximum temperature at 
which a material remains stable, and 
change of volume upon increase in tem- 
perature. These are to be studied with 
particular reference to preformed block 
types of heat insulation. 

Subcommittee VIII on Studies of Di- 
mensional Standards of Preformed Block 
Insulation (Ray Thomas, chairman).— 
Discussion of the proposed revision of 
dimensional standards is being continued 
in this subcommittee. 

Subcommittee 1X, the A.S.T.M. Group 
of the Joint Committee on Studies of Vapor 
Barriers Applied to Thermal Insulation 
Used Especially in the Air Conditioning 
and Refrigeration Fields (R. H. Heilman, 
chairman).—This work has expanded 
to the point that the steering subgroup 
of this joint committee thought it ad- 
visable to invite the cooperation of 
other associations. Invitations to be 
represented on the joint committee have 
been sent to the Technical Association of 
the Pulp and Paper Industry, Insulation 
Board Institute, Committee on Conden- 
sation Control, National Door Manuv- 
facturers Association, and National 
Housing Authority. By bringing into 
this work representatives of other groups 
that have vital interest in the subject of 
vapor barriers, it was felt that the 
promiscuous formulation of units of 
measure and methods of test for vapor 
control would be discouraged and that 
more rapid progress would be made 
leading to standardized procedures. 

The preliminary work of abstracting 
the published articles on vapor barriers 
has been completed and the report, 
printed under the auspices of the Office 
of Production, Research, and Develop- 
ment of the War Production Board, 
will soon be > ready restricted dis 
tribution. 
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The next step in the program of the 
joint committee is to select two test 
procedures for the determination of rate 
of vapor migration through barriers and 
to conduct tests on representative mate- 
rials used as barriers. Efforts will be 
made to have this work financed by 
0.P.R.D. 


This report has been submitted to 
letter ballot of the committee, which 


consists of 51 members; 47 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 


E. T. Core, 


Chairman. 
Ray THomas, 


Secretary. 


EDITORIAL NOTE 


As indicated in the Summary of Proceedings, p. 7, a proposed revision of 
the Tentative Specifications for Mineral Wool Thermal Insulating Cement 
(C 195 — 44 T) as covered in the report was submitted by Committee C-16 and 
accepted by the Administrative Committee on Standards on June 27, 1945. 
The revised tentative appears in the 1945 Supplement to Book of A.S.T.M. 
Standards, Part II, bearing the designation C 195 — 45 T. 


At the same time, the Standards Committee accepted the recommendation 


of Committee C-16 that the following Emergency Standards be withdrawn: 


Emergency Specifications for: 


Blanket Thermal Insulation for Building Purposes (ES - 14), 


Blanket Thermal Insulation for Industrial Purposes (ES - 15), 
Blanket Thermal Insulation for Refrigeration Purposes (ES 
Preformed Pipe Covering Thermal Insulation (ES - 17), 
Preformed Block Thermal Insulation (ES - 18), and 
Structural Insulating Board (Thermal Insulation) (ES - 19). 


 . 
219 
n- 
re | 
a- 
at 
nd 
ith 
ck | 
ack 
up 
por 
ion 
ing 
an, | 
ded 
oup | 
ad- | 
of 
be 
ave ), 
n of 
tion 
into 
mast 
nade 
elop- 
= - | 


REPORT OF COMMITTEE D-1 


ON 


PAINT, VARNISH, LACQUER, AND RELATED PRODUCTS* 


. Committee D-1 on Paint, Varnish, 

Lacquer, and Related Products held one 
meeting during the year: on June 28, 
1944, in New York, N. Y., during the 
Annual Meeting of the Society. 

During the past year Subcommittee 
XVIII on Physical Properties of Mate- 
rials has been divided into two subcom- 
mittees: Subcommittee X on Optical 
Properties (M. Rea Paul, chairman) and 
Subcommittee XVIII on Physical Prop- 
erties of Materials (R. H. Sawyer, chair- 
man). Subcommittee X will investigate 
and develop instrumental methods of 


test for optical properties of protective 


coatings. Subcommittee XVIII will in- 
vestigate and develop methods of test 
for the physical properties of protective 
coatings. 

R. D. Bonney, H. A. Nelson, and C. 
H. Rose have been appointed to serve as 
representatives of the Society on a Joint 
Committee on Paint, Varnish, and Lac- 
quer, which has been organized in con- 
junction with the Federation of Paint 
and Varnish Production Clubs as a 
conference committee. 
_ Subsequent to the 1944 Annual Meet- 

ing, Committee D-1 presented to the 
Society through Committee E-10 on 
Standards proposed Tentative Specifica- 
tions for Wood to be Used as Panels in 
Weathering Tests of Paints and Var- 
nishes, to supersede Standard Specifica- 
tions D 358-38, and a_ proposed 
tentative revision of the Standard Speci- 
fications for Zinc Sulfide Pigments (D 
477 -— 41). These recommendation 


were accepted! by Committee E-10 on 
August 28, 1944, and the new tentative 
specifications, bearing the designation 
D 358 — 44 T, and the tentative revision 
appear in the 1944 Book of A.S.T.M., 
Standards, Part II. 

On September 27, 1944, the Standards 
Committee accepted the recommenda- 
tion of Committee D-1 that the Emer- 
gency Method for Conducting Salt 
Spray Tests on Organic Protective 
Coatings (ES — 3) be withdrawn. 

New Tentative Methods of Sampling 
and Testing Turpentine (D 233 - 44T) 
were accepted! by Committee E-10 on 
October 30, 1944, to supersede Standard 
Methods D 233, as recommended by 
Committee D-1. These revised meth- 
ods had also been approved by letter 
ballot of Committee D-17 on Naval 
Stores. The new tentative methods 
appear in the 1944 Book of A.S.T.M. 
Standards, Part II. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


Fourteen subcommittees have sub- 
mitted reports of progress, nine of which 
cover recommendations affecting stand- 
ards as a result of which the committee 
is submitting three new tentative meth- 
ods, revisions of two tentative methods, 
revisions of three standards for immedi- 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. , 

1 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-1 reported the following 
results of the letter ballot vote from a committee member- 
ship of 237: D 358, affirmative 82, negative 1, ballots 
marked ‘“‘not voting”’ 35; D 477, affirmative 78, negative |, 
ballots marked “not voting’ 39; D 233, affirmative %, 
negative 1, ballots marked “not voting” 26. 
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TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Parnt, VARNISH, LACQUER, AND RELATED PRopucTS 


TABLE I.—Continued 


Items 


I. New TENTATIVES 


Test for Broleating Degree of 
Resistance of Traffic Paints to 
Abrasion. . 

Methods for Producing Films of 
Uniform Thickness of Organic 
Finishing Materials on Test 
Panels. . 

Recommended Practice for ( Yper- 
ating Light and Water Expo- 
=e Apparatus (Carbon-Arc 

¢) for Testing Paint, Var- 
Lacquer - Related 
Products....... 


II. Revision OF TENTATIVE 
ETHODS 


Test for Phthalic Anhydride 
Content of Alkyd Resin So- 
lutions (D 563 - 43 T)..... 

Method for Preparation of Steel 
Panels for Exposure Tests of 
Enamels for Exterior Service 
(D 609-41 T)......... 


[I]. REVISIONS OF 
IMMEDIATE ADOPTION 


Spec. for Butanol (Normal Buty] 
Alcohol) (D 304 - 40).. 

Test for Coarse Particles in ‘Pig- 
ments, Pastes, and 
(D 185 - 37).. 


IV. TENTATIVE REVISIONS OF 
STANDARDS 


Spec. for Pure Chrome Green 
(D 212 - 41).. 

Spec. for Chrome Oxide Green 
(D 263 - 41) 

Spec. for Prussian Blue (D 261 — 


41 
for Ultramarine Blue (D 
41 
Spec. for Titanium Dioxide Pig- 
ments (D 476 - 41 


- 41) 
ws! for Carbon Black (D 561 - 
4 


= for Lampblack (D 209 - 


Chemical Analysis ¥ White Pig- 
ments (D 34 - 

Test for of Exterior 
House Paints and Enamel- 
Type Paints (D 562 - 44) 


V. ADOPTION OF TENTATIVES AS 
STANDARD 


Evaluating the Degree of Re- 
sistance to Blistering of Or- 
es Coatings on Metal When 
ubjected to Immersion or 
Other Tests Involving Expo- 
sure to Moisture or Liquids 
(D 714 - 43 T) 

Analysis of Barium Sulfate Pig- 
ments (D 715 - 43 T).. a 

Analysis of Mica Pigment (D 
716 - 43 T). 

Analysis of Magnesium Silicate 
Pigment (D 717 - 43 T) 

Analysis of Aluminum Silicate 
Pigment (D 718 - 43 T).. F 

nalysis of Diatomaceous Silica 
Pigment (D 719 - 43 T)... 


Affirm- 
ative 


Nega- 
tive 


Affirm- 


items ative 


VI. ApopTion as STANDARD OF 
TENTATIVE REVISION OF 
STANDARD 
tone. for ‘Pigments 


VII. Eprror1at CHANGE IN 
STANDARD 


a ling and Testing Lacquer 
and Diluents (D 268 


91 


ate adoption, revisions of ten standards 
for publication as tentative, and is 
recommending the adoption of six 
tentatives as standard without revision, 
and the adoption as standard of one 
tentative revision of a standard.'* The 
standards affected are listed in Table I 
and the recommendations are explained 
in the reports of the subcommittees 
directly responsible for them. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 239 voting mem- 
bers, with the results shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II on Drying Oils (Fran- 
cis Scofield, chairman) recommends that 
the Tentative Specifications for Oiticica 
Oil (Permanently Liquid) (D 601 — 41 
T)? be continued as tentative without 
revision. 

The subcommittee is preparing speci- 
fications for dehydrated castor oil and is 
developing a polymerization test for 
drying oils. Methods of testing bodied 
linseed oils are also being developed. 

Subcommittee III on Bituminous Coat- 
ings (E. F. Hickson, chairman) is pre- 
paring specifications and methods of test 
for asphalt base and coal-tar base 
emulsions. 

Subcommittee IV on Traffic Paints 
(Anthony Skett, chairman) recommends 


14 See Editorial Note, p. 227. 
21944 Book of A.S.T.M. Standards, Part II. 
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for publication as tentative a new 
Method of Evaluating Degree of Resist- 
ance of Traffic Paint to Abrasion, Ero- 
sion, or a Combination of Both, in Road 
Service Tests.* 

The subcommittee also recommends 
that the following tentative methods 
be continued as tentative because of 
their limited use during the past two 
years: Tentative Methods of Test for 
Dry to No-Pick-Up Time of Traffic 
Paint (D 711 — 43 T), for Light Sensitiv- 
ity of Traffic Paint (D 712-43 T), and 
for Conducting Road Service Tests on 
Traffic Paint (D 713-43 T). 

Progress is being made by the sub- 
committee in its work on methods of test 
for evaluating traffic paints and it is 
expected that a proposed method of test 
for evaluating the degree of chipping of 
traffic paints will be submitted shortly. 

Subcommittee V on Volatile Hydrocar- 
bon Solvents for Organic Protective Coat- 
ings (E. M. Toby, Jr., chairman) is 
developing methods for determining the 
solvency, volatility of hydrocarbon sol- 
vents and solvent escape and solvent 
retention are also being studied. The 
subcommittee is reviewing the methods 
of test used for evaluating hydrocarbon 
solvents in the protective coatings in- 
dustry. 

Subcommittee VI on Definitions (C. 
H. Rose, chairman) is revising some of 
the current definitions and is preparing 

- some new definitions for terms used in 
connection with protective coatings. 

_ Subcommittee VII on Accelerated Tests 
for Protective Coatings (H. A. Nelson, 
chairman) has presented for publication 
a Tentative Recommended Practice for 
Operating Light and Water Exposure 
Apparatus (Carbon-Arc Type) for Test- 
ing Paint, Varnish, Lacquer and Re- 
lated Products.’ 


2 This method was accepted as tentative by the Society 
and appears in the 1945 Supplement to Book of A.S.T.M. 
Standards, Part II. 


The subcommittee recommends that 
the Tentative Method for Preparation 
of Steel Panels for Exposure Tests of 
Enamels for Exterior Service (D 609- 
41 T) be revised, including a change of 
title to read Tentative Method for the 
Preparation of Steel Panels for Testing 
Paint, Varnish, Lacquer, and Related 
Products. 

It is recommended that the Tentative 
Method for Evaluating the Degree of 
Resistance to Blistering of Organic 
Coatings on Metal When Subjected to 
Immersion or Other Tests Involving 
Exposure to Moisture or Liquids (D 714 
— 43 T) be adopted as standard without 
revision. 

The subcommittee also recommends 
that the Emergency Method of Test for 
Changes in Protective Properties of 
Organic Coatings on Steel when Sub- 
jected to Immersion (ES -35) be 
continued in its present form. 

Work is under way looking toward the 
development of apparatus and methods 
for conducting humidity exposure tests 
for paints on metal as well as the develop- 
ment of a procedure for cleaning steel 
panels in preparation for painting. 

The subcommittee is planning to 
conduct work on methods for alternate 
immersion and exposure tests and pro- 
cedures for field testing of paint on 
metal. 

Subcommittee VIII on Methods of 
Analysis (E. F. Hickson, chairman) 
recommends the following revision for 
immediate adoption in the Standard 
Methods of Test for Coarse Particles in 
Pigments, Pastes and Paints (D 185- 
37),? and the committee accordingly asks 
for a nine-tenths vote at the Annual 
Meeting in order that this modification 
may be referred to letter ballot of the 
Society: 

New Section.—Add a new Section 5 to 


‘This revised method was accepted by the Society and 
appears in the 1945 Supplement to Book of A.S.T.M. 
Standards, Part II. 
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read as follows, renumbering the subse- 
quent sections accordingly: 


5. (a) Make a stock solution of dispersing 
agent (Note) in water using as high a concentra- 
tion of dispersing agent as possible without los- 
ing fluidity. When solution has been obtained, 
filter through coarse filter paper. A quart of 
this solution will be sufficient for several tests. 

Note.—Triton 720, Darvan No. 1, or any 
other dispersing agent specific for carbon black 
may be used, 


(b) Crush the pellets between two approxi- 
mately 12 by 12-in. glass plates using a gentle 
rotating motion. If 10 g. of carbon black are 
taken, crush about 2 g.atatime. Weighintoa 
600-ml. beaker 10 g. of the crushed particles. 
Add enough of the dispersing solution to make a 
heavy paste and mix well to incorporate thor- 
oughly the carbon black. Dilute with water 
to about 300 ml. then pour into a clean No. 325- 
sieve. The tap water used throughout shall 
first be passed through the No. 325-sieve. 
Using a small camels hair brush gently brush 
the mix through the sieve, running tap water 
slowly through at the same time. When it 
appears that all the dispersed black has gone 
through, stop the tap water and continue brush- 
ing until most of the water remaining on the 
sieve has gone through. Add a few milliliters of 
the stock dispersing agent solution, thoroughly 
mix with the brush, then turn on the tap water 
again and wash through as before. Repeat this 
operation until no dispersed black comes through 
the sieve. When about 0.5 g. of sand-like 
material is left on the screen the end point is 
being approached. At this point adding the 
dispersing solution and gently rubbing it into 
the residue with the finger still produces a 
colloidal dispersion of black which easily passes 
through the sieve. From this point on, before 
each addition of dispersing agent, work the 
‘residue into the center of the sieve with the tap 
water. It takes many washings and many 
additions of dispersing solution to reach the end 
point and the operator is cautioned not to be 
misled into thinking all the black has been 
washed through before it is an accomplished 
fact. 

(c) Dry the sieve in an oven at 105 to 110C. 
for 1 hr., cool, weigh the residue, and calculate 
the percentage of coarse particles. If the 
value thus obtained is greater than that speci- 
fied, proceed as follows to remove any adhered 
carbon which will pass through the No. 325- 
sieve: Transfer the particles on the sieve to a 
piece of white bond paper and gently rub the 
carbon onto the paper with the finger. When 


no further real blackening of the paper occurs 
carefully transfer the residue to the balance 
pan, weigh and recalculate the percentage of 
coarse particles. 


This revision will make the method 
applicable to carbon black in pellet form 
which is covered by the proposed revi- 
sion in the Standard Specifications for 
Carbon Black (D561-41) recom- 
mended by Subcommittee XV. 

The subcommittee recommends for 
publication as tentative the following 
revision of the Standard Methods of — 
Chemical Analysis of White Pigments — 
(D 34 39)? 

Section 34.—Change the seventh sen- 
tence to read as follows by the addition — 
of the italicized words and figures: 


Wash out a Jones reductor,“ having a zinc 
column of at least 45 cm. in length and 1.9 cm. in 
diameter with diluted H,SO, (1:19) and water, 
leaving sufficient water in the reductor to fill 
to the upper level of the zinc. 


Change footnote 14 to read as follows: 


14 Directions for preparing a Jones reductor 
may be found in Hillebrand and G. E. F. Lun- 
dell, “Applied Inorganic Analysis” (1929), p. 
100. 


The subcommittee recommends for 
publication as tentative the following 
revision of the Standard Method of Test 
for Consistency of Exterior House Paints © 
and Enamel-Type Paints (D 562 — 44): 

Section 4.—Change the first three — 


sentences to read as follows by the 
addition of the italicized words and the © 
omission of those in brackets: 


Thoroughly mix the sample of paint and 
strain it into [the] @ 1-pt. container [and allow — 
the paint to stand over 12 to 24 hr.]. Bring 
the temperature of the sample to 25 + 0.25 C. 
and maintain it at that temperature during the 
test. Allow a minimum of 1 hr. to elapse be- 
tween the time the paint is strained and the test is 
begun. Stir the paint carefully, to avoid en- 
trapping air, and then place the container on the 
platform of the viscosimeter so that the paddle- 
type rotor is immersed in the sample just to the 
mark on the shaft of the rotor. 
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It is recommended that the following 
tentative methods be adopted as stand- 
ard without change: 


Tentative Methods 

Analysis of Barium Sulfate Pigments (D 715 - 
43 T), 

Analysis of Mica Pigment (D 716 — 43 T), 

Analysis of Magnesium Silicate Pigment (D 
717-43 T), 

Analysis of Aluminum Silicate Pigment (D 718 
- 43 T), and 

Analysis of Diatomaceous Silica Pigment (D 
719 - 43 T). 


Subcommittee IX on Varnish (W. T. 
Pearce, acting chairman) recommends 
that the Tentative Method of Test for 
Phthalic Anhydride Content of Alkyd 
Resin Solutions (D 563-43 T) be re- 
vised as appended hereto.4 This re- 
vised method requires less time and 
simpler apparatus for determining the 
ae anhydride in alkyd resin. 
subcommittee is studying methods 
for the more accurate measurement of 
drying of protective coatings and is 
studying methods of tests used for resins 
such as melting point, total solids, and 
color. 

Subcommittee X on Optical Properties 
(M. Rea ‘Paul, chairman) is studying 
methods of test for color, specifications 
and methods of test for gloss, color 
differences, infra red reflectance, and 
other optical properties. 

Subcommittee XIII on Shellac (W. H 
Gardner, chairman) recommends that 
the Tentative Method of Test for Color 
of Orange Shellac (D29-41T) and 
the Tentative Specifications for Orange 
Shellac and Other Lacs (D 237 - 43 T) 
be continued as tentative because con- 
sideration is being given to recommend- 
ing certain changes in these methods 
and specifications. 

Subcommitiee XV on Specifications 
for Pigments, Dry and in Oil, When 
Marketed in That Form (C. L. Crockett, 
chairman) recommends the following 


=~ 
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tentative revisions in ai standard 
specifications for pigments to bring 
them up to date so that they will more 
adequately cover the products now on 
the market and in some instances to 
permit a small percentage of surface 
treating agents in addition to the speci- 
fied composition of the pigment: 


Standard Specifications for Pure Chrome 
Green (D 212 41)? 


Section 2 (a).—Change to read as 
follows by the addition of the italicized 
words and figures and the omission of 
those in brackets: 


2. (a) Dry Pigment.—The pigment shall be 
a precipitated mixture of lead chromate and 
iron blue (potassium or ammonium ferriferro- 
cyanide) {ferrocyanide and ferricyanide blue] 
with or without other insoluble compounds of 
lead [and]. Jt shall be free from admixture of any 
substances other than those added during manu- 
facture in small amounts up to a total of 7 per cent 
to improve the stability and/or working properties of 
the pigment. However, extender pigments such 
as barium sulfate, silica, silicates, calcium car- 
bonate, calcium sulfate, magnesium carbonate, 
etc., shall be absent. It shall conform to the 
following requirements: 


Of the total lead* in the pigment, per- 
centage present as chromate 
(PbCrO,), min 

Moisture and other volatile matter, max., 
per cent. ; 

[Total other impurities, max. per ‘cent. 

Total matter solutle in water, max., 


Organic colors or lakes 

Coarse particles (total residue retained on 
a No. 325 (44-micron) sieve, max., 
per cent 


alculated as metallic lead. 


Standard Specifications for Chrome Oxide 
Green (D 263-41)? 


Section 2 (a).—Add the following re- 
quirements: 


Total matter soluble in water, max., per 
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Standard Specifications for Prussian Blue 
(D 261 - 41)2 


Change the title to read “Tentative 
Specifications for Iron Blue,” and indi- 
cate in Section 1 on Scope that the 
specifications also cover Milori blue. 

Section 2 (a).—Change to read as 
follows by the addition of the italicized 
words and figures and the omission of 
those in brackets: 


14 


s 2. (a) Dry Pigment.—The pigment shall 
d be the blue product formed by the reaction of a 
solution{s] of iron salts with a ferro- [ferro- 
of cyanide] or ferricyanide solution. It shall be 
free from admixture of any substances other than 
those added during manufacture, in small amounts 
be up to a total of 4 per cent, for the purpose of im- 
nd proving the quality and/or working properties of 
r0- the pigment [not be admixed with any other 
1e| substance]. However, extenders and diluents 
of such as barium sulfate, silica, silicates, calcium 
ny carbonate, calcium sulfate, magnesium carbonate, 
ni- etc. shall be absent. The pigment shall conform 
ent to the following requirements: 
‘: Total matter soluble in water, max., 
ate Moisture and other volatile matter, 
the max., per cent.. 7.0 
Organic colors or lakes. . none 
The acidity or alkalinity of the aqueous extract, 
with methyl orange indicator, shall not exceed the 
chemical equivalent of 0.1 per cent of sulfuric acid, 
) calculated on the dry pigment. 
10 Standard Specifications for Ultramarine 
3.0) Blue (D 262 41)? 
“ Section 2.—Change Paragraph (a) 
tl from its present form: namely, 
2. (a) Dry Pigment.—The pigments shall be 
1.0 manufactured ultramarine blue obtained by the 
furnacing of mixtures of clays and silicas with 
sodium salts, sulfur, and carbonaceous material, 
and having a chemical composition which will 
ride generally fall within the following range, ex- 
pressing the elements except sulfur as their 
oxides: 
re- Sodium oxide, per cent............... 18 to 23 
Aluminum oxide, 20 to 32 
Silicon dioxide, per cent... .. 35 to 50 
Sulfur, per cent... 8 to 14 
pe! The pigment shall conform to the following re- 


quirements (Note): 


Moisture and other volatile matter, max., 
per cent.. 
Coarse particles (total residue retained on 
a No. 325 (44-micron) sieve), max., per 


to read as follows: 


2. (a) Dry Pigment.—The pigment shall be 
a manufactured product obtained by the cal- 
cining of mixtures of clays and silicas with 
sodium salts, sulfur, and carbonaceous material. 
It shall be a soft, dry, finely ground powder of 
good blue color, free from admixtures of color 
substances, and shall conform to the following 
requirements: 


Coarse particles (residue retained on a No. 325 


(44-micron) sieve), max., percent ....... 1.0 
Moisture and other volatile matter, max., 

Matter soluble in water, max., per cent..... 1.5 
Organic colors or lakes... none 


Omit footnote 3. 
Delete the note following Paragraph 


(d) and the references to it in Paragraphs 
(b) and (c). 


Standard Specifications for Titanium Di- 
oxide Pigments (D 476-41)? 


Section 1.—Change the description of 
titanium dioxide from ‘commercially 
pure,” to read “unextended, including 
anatase and rutile crystal type pig- 
ments.” 

Section 2.—Replace Paragraph (a) 
which refers to Table I with the follow- 
ing Paragraphs (a) and (6), and reletter 
the present Paragraph (0) as (c): 


2. (a) The titanium dioxide pigment shall 
conform to the requirements for composition 
prescribed in Table I. It shall be a chemically 
precipitated pigment consisting of anatase or 
rutile titanium dioxide with or without ad- 
mixtures of other insoluble oxides of antimony, 
zinc, aluminum, etc., or other treating agents, 
but without other admixtures except those of 
reagent materials introduced specifically to 
improve those properties for which the pigment 
is used. The unextended titanium dioxide 
pigment shall be free of extenders such as bar- 
ium, sulfate, clay, magnesium silicate, whiting, 
etc. 

(b) Titanium-barium pigment, titanium-cal- 
cium pigment, and titanium-magnesium pigment 
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shall conform to the requirements for composi- 
tion prescribed in Table I. 


Table I.—Change the requirements 
for titanium dioxide in titanium dioxide 
pigment from “97.0” to read “94.0” 
min., per cent, and delete the require- 
ments for class B titanium barium 
pigment. 


Standard Specifications for Bone Black 
(D210 - 41)? 


Section 2 (a).—Change the require- 
ment for ash insoluble in acids from 
“1.0” to read “3.0” max., per cent, and 
delete the requirement reading ‘Tone 
when diluted with zinc oxide... clear 
blue gray.” 


Standard Specifications for Carbon Black 
(D 5¢1- 41)? 


Section 2 (a)—Change to read as 
follows by the addition of the italicized 
words and figures and the omission of 
those in brackets: 


2. (a) The pigment shall be made by burning 
natural gas in such a manner as to form a de- 
posit of carbon [but without any admixtures]. 
It shall be free from adulterants and be in the form 
of “powder” or “pellets” (dustless), and shall 
conform to the following requirements: 


Ash, max. per cent 

Acetone extract, max., per cent 

Coarse particles [True grit (total residue) | 
retained on a No. 325 (44-micron) sieve, 
max., per cent...... 

Moisture (loss at 105 C.) [and other vale. 
tile matter], max., per cent 

Organic dyes 


® Higher maximum ash and acetone extract values may be 
allowed oe mutually agreed upon by the purchaser and the 
seller, if final product requirements necessitate the use of 
additio treating agents, 
Coarse particle determination should be made on — 
type _ by special method for carbon black in this form 
t may be necessary for the purchaser and the seller 
to he. upon a higher maximum moisture content in high- 
color blacks. 


Standard Specifications for Lampblack 
(D 209 - 41)2 


_ Section 2 (a).—Add the following re- 


quirement to the table at the end of this 
section: 


Moisture and other volatile matter, max., 
per cent 


The subcommittee recommends that 
the tentative revision? of the Standard 
Specifications for Zinc Sulfide Pigments 
(D 477 —- 41) be adopted as standard. 

The Tentative Specifications for Red 
and Brown Iron Oxide Pigments (D 84 
43 T) are recommended for continua- 
tion as tentative without revision. 

The subcommittee also recommends 
that the Emergency Alternate Provision 
applying to the Standard Specifications 
for Mica Pigment (D 607 - 42) be con- 
tinued.” 

The subcommittee is writing specifica- 
tions for pumice for use in traffic paint 
and specifications for iron oxide pigment 
pastes. 

Subcommittee X VIII on Physical Prop- 
erties (R. H. Sawyer, chairman) recom- 
mends for publication as tentative Meth- 
ods for Producing Films of Uniform 
Thickness of Organic Finishing Mate- 
rials on Test Panels.* 

The subcommittee is developing meth- 
ods for the measurement of film thick- 
ness, adhesion, and abrasion-resistance 
of protective coatings. 

Subcommittee X XV on Cellulosic Coat- 
ings and Related Materials (R. M. Car- 
ter, chairman) recommends the following 
editorial revision in the Standard 
Methods of Sampling and Testing Lac- 
quer Solvents and Diluents (D 268 — 44): 

Section 21.—Change “porcelain evap- 
oration dish” to read “flat dish of Petri 
type.” 

The subcommittee recommends for 
immediate adoption the following revi- 
sion in the Standard Specifications for 
Butanol (Normal Butyl Alcohol) (D 
304 — 40): 

Section 2.—Change the distillation 
— from their present form, 


namely: 
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Distillation range: 
Below 100 C 
Below 105 C 


Below 
Above 118 C 


none 


not more than 2 per cent 
not more than 10 per cent 


to read as follows: 
Distillation range: 


Below 115C 
Above 118.5 C.. 


The subcommittee recommends that 
Tentative Specifications for Methyl 
Ethyl Ketone (D 740-43 T)? be con- 
tinued as tentative because the subcom- 
mittee has under consideration certain 
revisions in these specifications. 

Consideration is being given to re- 
vising the Specifications for Tricresy] 
Phosphate (D 363 — 36). The present 
boiling range requirements in the speci- 
fications for solvents and diluents are be- 
ing reviewed to determine the changes 
which may be necessary as the result of 
the adoption of the recently estab- 
lished A.S.T.M. solvents distillation 
thermometers. 

The subcommittee is also considering 
the resin and lacquer emulsions looking 
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toward the establishment of a new work- 


_ ing group, and is developing new meth- 


ods of test for lacquer solvents and 
diluents and for ethyl cellulose and 
cellulose acetate. 

Subcommittee XXIX on Painting of 


_ Structural Iron and Steei (A. J. Eickhoff, 
_ chairman) has underway a testing pro- 


gram to study the effects of chemical 
treatment prior to repainting steel which 
had originally been given a chemical 
treatment prior to the original paint 
job. 


This report has been submitted to 
letter ballot of the committee, which 
consists of 239 voting members; 149 mem- 
bers returned their ballots, of whom 100 
have voted affirmatively, and 0 nega- 
tively. 


Respectfully submitted on behalf of 
the committee, 


W. T. PEARCE, 
Chairman. 
C. H. Rose, 
Secretary. 


EDITORIAL NOTE 


mary of Proceedings, p. 7, and referred to in the report. 


Subsequent to the Annual Meeting, Committee D-1 presented to the Society 

through the Administrative Committee on Standards the recommendations — 

affecting tentatives and the tentative revision of standards listed in the Sum- 


These recommenda-_ 


tions were accepted by the Standards Committee on August 27, 1945, i 
the new and revised tentatives and the tentative revisions appear in the 1945 
Supplement to Book of A.S.T.M. Standards, Part II. 

At the same time, the Society accepted the recommendation of the com- 
mittee that Emergency Alternate Provisions EA - D 607 applying to the 
Standard Specifications for Mica Pigment (D 607 — 42) be continued in their 


present form. 
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REPORT OF COMMITTEE D-2 


ON 


PETROLEUM PRODUCTS AND LUBRICANTS* | 


_ Committee D-2 on Petroleum Prod- 
ucts and Lubricants held two regular 
meetings during the past year (in June, 
1944, in New York, N. Y., and in Janu- 
uary, 1945, in Detroit, Mich.). The 
regular Spring Meeting planned to be 
held in March, 1945, in Chicago, II]., was 
canceled because of wartime restrictions 
on meetings. 


CHANGES IN COMMITTEE ORGANIZATION 


During the year subcommittee and 
technical committee changes were ef- 
fectuated as follows: Subcommittee IV 
on Grease (F. E. Rosenstiehl, acting 
chairman), was discharged, and its work 
turned over to a new Technical Com- 
mittee G on Lubricating Greases. 

Technical Committee B on Lubricants 
(H. C. Mougey, chairman) was reor- 
ganized as Technical Committee B on 
Lubricating Oils (T. C. Smith, chairman 
and J. C. Geniesse, secretary) with an 
Executive Committee and twelve sec- 
tions as follows: Utility Sections on 
Automotive Engine Oil (W. A. Gruse, 
chairman); Aircraft Engine Oil (D. P. 
Barnard, chairman); Gear Oils (A. O. 
Willey, chairman); Hydraulic Oils (F. L. 
Miller, chairman); Instrument Oils 
(E. H. Erck, chairman); Lubricants 
for Air Compressors and Compressed 
Air Tools (C. M. Larson, chairman); 
Wire Rope Lubricants (E. Wilhofer, 
chairman); Quality Sections on Physical 
and Chemical Changes (L. L. Davis, 
chairman); Oxidation and Bearing Cor- 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 


rosion (H. R. Wolf, chairman); Foaming 
(H. A. Ambrose, chairman); General 
Sections on Standardization and Edi- 
torial (A. E. Becker, chairman); and No- 
menclature (A. E. Flowers, chairman), 

Technical Committee G on Lubricat- 
ing Grease (F. L. Wright, chairman, 
C. W. Georgi, vice-chairman, and H. A. 
McConville, secretary) was organized 
with the formation of an Executive Com- 
mittee and three Sections as follows: 


TABLE I. 


A.S.T.M. 
Title Designation 
New AMERICAN STANDARDS 
Test for Oil Content of 


D 721 - 44 | Z11.52—1944 
Test for Knock Character- 
istics of Motor Fuels... D 357 - 44 | Z11.37—1944 
Test for Saponification 
Number of Petroleum 
Products by Color-Indica- 
tor Titration D 94-44 | Z11.20—1944 
Method for Conversion of 
Kinematic Viscosity to 
Saybolt Furol Viscosity. .| D 666-44 | Z11.53—1944 


REVISION OF AMERICAN 
STANDARDS 


Test for Gum Content of 
Gasoline... D 381-44 | Z11.36—1944 
Test for Sulfur in Petroleum 
Oils by Bomb Method....| D 129-44 | Z11.13-—194 
Test for Viscosity by Means 
of the Saybolt Viscosi- 
D 88-44 | Z11.2—1944 


Section I on Chemical and General 
Laboratory Tests for Lubricating 
Greases (G. Kaufman, chairman), Sec- 
tion II on Consistency Measurements 
and Related Physical Tests for Lubricat- 
ing Greases (C. W. Georgi, chairman), 
and Section III on Functional Tests for 
Lubricating Greases Employing Anti- 
friction Bearings (T. G. Roehner, 
chairman). 
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CHANGES IN STATUS OF AMERICAN 
STANDARDS 

Table I shows the changes in status 
during the year of American Standards 
for petroleum products, approved by the 
American Standards Association on the 
recommendation of Sectional Committee 
Zi1 on Petroleum Products and 
Lubricants. 


AcTIVITIES OF TECHNICAL COMMITTEE 
AND SUBCOMMITTEES 


Technical Committee A on Gasoline (C. 
B. Veal, chairman) has submitted pro- 
posed revisions to Sections A5 (f) and 
A10 of the Standard Method of Test for 
Knock Characteristics of Motor Fuels 
(D 357 — 44) and Section A10 of the Ten- 
tative Method of Test for Knock Char- 
acteristics of Aviation Fuels (D 614 - 
44 T) which are published as information 
in the report of this technical committee 
appended hereto. 

Subcommittee X on Insoluble Content 
of Used Oils (L. L. Davis, chairman) de- 
veloped the Emergency Method of Test 
for Isopentane and Benzene Insolubles 
in Used Lubricating Oils (ES - 42)! 
which was accepted by Committee E-10 
on August 28, 1944, and recommends 
that it be editorially revised as follows: 

Section 9 (a).—Change the reference 
“Section 8 (a) to (c)” to read “Section 8 
(a) and (0).” 

Section 9 (b).—Change the reference 
“Section 8 (c)”’ to read “Section 8 (b).” 

Section 9 (c).—Change “103 + 3 C.” 
to read “105 + 3 C.” 

Subcommittee XI on Determination of 
Inorganic Elements in Lubricants (Ray- 
mond Haskell, chairman) developed the 
Emergency Method of Test for Sulfated 
Residue from Lubricating Oils (Air- 
Ignition Method) (ES — 43)? which was 
accepted by Committee E-10 on Stand- 
ards on February 1, 1945. 


‘1944 Book of A.S.T.M. Standards, Part III. 
Past ee Supplement to Book of A.S.T.M. Standards, 
r 


Emergency Methods ES-36 to 
ES — 39, incl., which as mentioned in last 
year’s report were developed by this sub- 
committee, were on the recommendation 
of Committee D-2 accepted? by Com- 
mittee E-10 on Standards for publica- 
tion as tentative on October 3, 1944. 
The new tentative methods have been 
assigned the designations indicated 
below:! 


Tentative Methods of: 


Test for Chlorine in Lubricating Oils by Bomb 
Method (D 808 - 44T), 

Chemical Analysis for Phosphorus in Lubricat- 
ing Oils (D 809-44T), 

Chemical Analysis for Lead, Copper, and Iron 
in Lubricating Oils (D 810-44T), and 

Chemical Analysis for Metals in Lubricating 
Oils (D 811-44 T). 


Subcommittee XV on Sampling and 
Gaging (A. E. Flowers, chairman) recom- 
mended the publication of explanatory 
notes as formulated by The Institute of 
Petroleum with the next publication of 
weight conversion tables such as those 
contained in Appendix I of the 1944 
Report of Committee D-2.4 

Subcommittee XVI on Cloud and Pour 
Test (L. C. Beard, Jr., chairman) pre- 
pared the comprehensive report on and a 
Proposed Method for Estimating Maxi- 
mum Pour Points of Lubricating Oils 
Containing Pour Point Depressants, 
which are appended to this report. 

Due to needs arising from the war for 
expediting a determination of very low 
pour points, the subcommittee prepared 
Emergency Alternate Provisions apply- 
ing to the Standard Method of Test for 
Cloud and Pour Points (D 97-39) 
which were accepted by Committee E-10 
on August 28, 1944, and published under 
the designation EA-D 


3 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-2 reported the following 
results of the letter ballot vote from a committee member- 
ship of 73: D 808 and D 811, affirmative 48, negative 0, | 
ballots marked ‘‘not voting”’ 6; D 809 and D 810, affirma- 
tive 47, negative 0, ballots marked “‘not voting” 7. 

4 Proceedings, Am. Soc. Testing Mats., Vol. 44 (1944). 

5 See pp. 237 and 244. 


4 
, 
Le 
4 
14 
44 
44 
“4 
4 
ng 
its 
at- 
n); 
for 
ti- 
er, 


2305 REPORT OF COMMITTEE 


Subcommittee XXV on Analysis of 
Petroleum Products for Hydrocarbon 
Types (S. S. Kurtz, Jr., chairman) de- 
veloped a Proposed Method for the 
Determination of Total Olefinic and 
Aromatic Hydrocarbons in Gasoline, 
which is presented as information in 
Appendix IT. 

The Emergency Method of Test for 
Olefins, Aromatics, Paraffins, and Naph- 
thenes in Aviation Gasoline (Without 
Distillation into Fractions) (ES — 45) 
and the Emergency Method of Test for 
Benzene, Toluene, and Higher-Boiling 
Aromatics in Aviation Gasoline (ES — 46) 
have been released from the restricted 
list and are published in the 1944 Book 
of A.S.T.M. Standards, Part ITI. 


EMERGENCY ALTERNATE PROVISIONS 


In accordance with the recommenda- 
tion of Subcommittee XIX on Illumin- 
ating Oils (L. C. Beard, Jr., chairman), 
the following alternate provisions apply- 
ing to the apparatus and procedure in 
the Standard Method of Test for Burn- 
ing Quality of Kerosine Oils (D 187 — 
39)! are recommended for publication 
under the emergency procedure: 


If it is found impessible to secure a Miller 
No. 2 Sun Hinge Burner or any other burner 
conforming to the requirements prescribed in 
Table I, then it will be permissible to use a 
Plume & Atwood No. 2349 No. 2 Sun Hinge 
Burner, waiving the requirements in Table I. 

If a Plume & Atwood Burner is used, the 
flame width in Section 4 (a) shall be 13 in. at its 
widest point instead of 1} in. as specified in the 
method. Since a somewhat smaller flame width 
is used, oil consumption will be decreased and 
hence Section 4 (b) under procedure shall permit 
a consumption of 41 + 2 ml. instead of 43 + 2 
ml. as specified in the method. 


I. New TENTATIVE METHOD 


The committee recommends that the 
Method of Analysis of Petroleum Sul- 
fonates,’ as prepared by Subcommittee 
XXIV on Petroleum Sulfonates (V. F. 


€ See Editorial Note, p. 232. 

7 This method was accepte das tentative by the Soc ay 
and appears in the 1945 Suppleme nt to Book of A.S.T.M 
Standards, Part III. 


Beyer, chairman) and substantiallv as 
published as information in the 1944 
report of the committee,‘ be accepted for 
publication as tentative. 


II. REVISION OF TENTATIVE METHop 


The committee recommends that the 
Tentative Method of Test for Color of 
Lubricating Oil and Petrolatum by 
Means of A.S.T.M. Union Colorimeter 
(D155-39T) be revised, as_ recom- 
mended by Subcommittee VI on Color 
(H. M. Hancock, chairman), by the 
deletion of the first sentence in Section 2 
(a) which reads: “The A.S.T.M. Union 
Colorimeter shall bear a metal name 
plate marked with the following descrip- 
tion and a serial number: A.S.T.M. 
Union Colorimeter, Licensed under U.S. 
Patent No. 1,495,763.” This change is 
recommended because of the expiration 
of Patent No. 1,495,763. 


III. Revision or STANDARDS, 
IMMEDIATE ADOPTION 

The committee recommends for im- 
mediate adoption revision in six stand- 
ard methods of test, as set forth below, 
and accordingly asks for a nine-tenths 
affirmative vote at the Annual Meeting 
in order that these modifications may be 
referred to letter ballot of the Society. 

Method of Test for Carbonizable Sub- 
stances in Paraffin Wax (D 612 — 43)! and 
Method of Test for Carbonizable Sub- 
stances in White Mineral Oil (Liquid 
Petrolatum) (D 565 — 43).!—Subcon- 
mittee I on Pharmaceutical Tests (V. F. 
Beyer, chairman), has recommended 
clarification of the procedure set forth 
in the first sentence of Section 3 (a) 
of each of these methods by changing 
“diphenylamine solution (1 per cent)” 
to read “diphenylamine solution (1 ¢. 
diphenylamine in 100 ml. of concentrated 
sulfuric acid).” 

Method of Test for Distillation of Gaso- 
line, Naphtha, Kerosine, and Similar 
Petroleum Products (D 86 —40).\—Sub- 
committee VIII on Distillation (E. W. 
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Dean, chairman) recommended that 
Note 3 in Section 3 (d) be changed from 
its present form: namely, 


Nore 3.—For products having end points 
not higher than 482 F. (250 C.) or initial boiling 
points not higher than 212 F. (100 C.), the Low- 
Distillation Thermometer shall be used; for 
products having end points higher than 482 F. 
(250 C.) and initial boiling points higher than 
212 F. (100 C.) the High-Distillation Thermom- 
eter shall be used. 


to read as follows: 


Nore 3.—Either the A.S.T.M. High- or 
Low-Distillation Thermometer shall be used 
depending upon the initial boiling point and 
the end point of the product. Use the A.S.T.M. 
Low-Distillation Thermometer for all materials 
except those found to have both the initial 
boiling points higher than 212 F. (100 C.) and 
final boiling points higher than 482 F. (250 C.) 
as determined using that thermometer. 


Method of Test for Flash and Fire Points 
by Means of Open Cup (D 92 - 33).\— 
Subcommittee XII on Flash Point (C. F. 
Ramey, chairman) has recommended 
the following revisions: 

Section 6.—Change from its present 
form: namely, 


6. The flash point and fire point tests shall 
be made in a room or compartment free from air 
drafts. The operator shall avoid breathing 
over the surface of the oil. It is desirable that 
the room or compartment be darkened suffi- 
cently so that the flash may be readily 
discernible. 


to read as follows: 


6. Laboratory conditions shall be such that 
flash and fire point tests are made in a room or 
compartment free from air currents. Care shall 
be observed to avoid disturbing the vapors 
evolved in the cup while heating, either by care- 
less breathing or unnecessary movements near 
the flash cup. It is desirable that the room or 
compartment be darkened sufficiently so that 
the flash can be readily detected. 


New Section Add a new Section 7 to 
read as follows: 


7. Results shall not differ from each other 
by more than the following: 
SF. 
Reproducibility.............. 10 F. 
Facilities referred to are of great importance and 


aré enumerated in Section 6. —) 
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Method of Test for Saponification Num- 
ber of Petroleum Products by Color- 
Indicator Titration (D 94 -44).\—Sub- 
committee XIII on Neutralization Num- 
ber and Saponification (H. P. Ferguson, 
chairrzan) has recommended the follow- 
ing revisions: 

Se-lion 8.—-Change the next to the 
last sentence to read as follows by the 
addition of the italicized words: 


Immediately disconnect the condenser, cau- 
tiously add £0 ml. of A.S.T.M. precipitation 
naphtha (Note 6), and titrate the solution while 
hot (without reheating) with 0.5 N HCl, using 3 
drops of phenolphthalein indicator. 


New Note.—Add a new Note 3, im- 
mediately following Note 2 in Section 5 
(b), to read as follows, renumbering the 
subsequent Notes accordingly: 


Note 3.—It has been found that 99 per 
cent isopropyl alcohol may be substituted for 
the purified ethanol and entirely satisfactory 
results obtained. This substitution is not 
permissible, however, in referee tests. 


Method of Test for Knock Character- 
istics of Motor Fuels (D 357 — 44).1—The 
following revisions in the Appendix are 
recommended by Section IV on Detona- 
tion of Technical Committee A on 
Gasoline (D. B. Brooks, chairman): 

Section A4 (f).—Change the par- 
enthetical reference from “(See Note 
2)” to read ‘‘(See Note 3).” 

Section A8& (d).—Change the last 
sentence from “A felt washer is used on 
the exhaust valve stem only.” to read 
“Felt washers are used on the valve 
stems.” 

Section A1l3 (h).—Delete the phrase 
“or a taper of 0.004 in.” 


IV. TENTATIVES CONTINUED AS 
TENTATIVE 
It is recommended that the following, 
which have been published as tentative 
for two years or more without revision, 
be continued as tentative because revi- 
sions are under consideration or in 
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Report oF ComMITTEE 
} Tentative Specifications TABLE II.—ANALYSIS OF LETTER BALLOT 
Fuel Oils (D 396 - 39 T), 
Gasoline (D 439- 40T), Items 
Tentative Methods of Test for? — 
I. New Tentative Metuop PR 
Sulfur in Petroleum Oils by Lamp Method aaa 
(D 90 - 41 T) Analysis of Petroleum Sulfonates 1 
Sediment in Fuel Oil by Extraction (D473- —U-_ Reviston oF Tentative 
38 T), Test for Color of Lubricating 
Ash Content of Petroleum Oils (D 482-43T), Oil and Petrolatum by Means pr 
Oxidation Stability of Gasoline (D 525 - 42 T), meter (D 155-39T)......... ass 
and III. Revision of STANDARDS, of 
Ignition Quality of Diesel Fuels (D 613 - 43 T). IMMEDIATE ADOPTION Ki 
Test for Carbonizable Substances 
. in Paraffin Wax (D 612 - 43). . (D 
The recommendations appearing in __ Test for Carbonizable Substances 
‘ in White Mineral Oil (Liquid spr 
this report have been submitted to qectrolatum) (D $65 = 43)... D 
letter ballot of the committee which con- ‘Naphtha, Kerosine, and Simi fon 
sists of 75 voting members, with the af Petroleum Products (D 86 - r 
results shown in Table IT. ; spatcans of Open Cup (D 92 - 33) 
est for Saponification Number 
of Petroh Products b Pr 
Due to the retirement of R. P. Ander- Color-Indicator Titration (D i 
son on December 31, 1944, the com- 
mittee recommended the appointment of Fuels (D 357~ 44)... 
D. V. Stroop as actin creta d . mn 
Fy an’ 59 have voted affirmatively, and 0 Ki 
subsequently, by letter ballot, elected aaanaieds 
him to fill Dr. Anderson’s unexpired 
term as secretary. Respectfully submitted on behalf of mi 
the committee, la 
This report has been submitted to T. A. Boyp, CO 
letter ballot of the committee which Chairman. by 
consists of 75 voting members; 62 mem-_ D. V. Stroop, mi 
bers returned their ballots, of whom Secretary. 7 . 
thi 
aff 
EDITORIAL NOTE th 
As indicated in the Summary of Proceedings, p. 8, two recommendations po 
affecting tentatives and a proposed emergency alternate provision, which are ) 
also referred to in the report, were submitted by Committee D-2 and ac- pa 
cepted by the Administrative Committee on Standards on June 27, 1945. 
The tentatives and the emergency provision appear in the 1945 Supplement 
to Book of A.S.T.M. Standards, Part IIT. are 
‘ tro 
Subsequent to the Annual Meeting, Committee D-2 presented to the Ad- the 
ministrative Committee on Standards the following recommendations: cou 
Withdrawal of Emergency Alternate Provisions: av; 
EA - D 97 applying to the Standard Method of Testing Cloud and Pour Points, and ‘ me 
EA - D 524 applying to the Standard Method of Testing Carbon Residue of Petroleum Products. 
Reafiirmation of Emergency Standard: the 
ES - 32 applying to the Emergency Method of Testing Color of U. S. Army Motor Fuel (All Purpose) wh 
by Means of an A.S.T.M. Color Standard. an 
These recommendations were accepted by the Standards Committee on ele 
October 24, 1945. bel 
On January 10, 1946, the Standards Committee accepted the recommen- 
dation of Committee D-2 that Emergency Standard ES — 43 applying to the 
Emergency Method of Test for Sulfated Residue from Lubricating Oils by Air- _ 
Ignition be revised. The revised emergency standard appears in the 1945 fro 
Supplement to Book of A.S.T.M. Standards, Part III. 


This report presents the details of a 
proposed revision in the mixture heater 
assembly requirements in Section A5 
of the Standard Method of Test for 
Knock Characteristics of Motor Fuels 
(D 357 — 45) and in the exhaust system 
specifications in Section A10 of Method 
D 357 and the Tentative Method of Test 
for Knock Characteristics of Aviation 
Fuels (D 614 — 44 T). 


Proposed Change in Mixture Heater As- 
sembly in Method D 357: 


This proposed revision of Section A5(/) 
in the Standard Method of Test for 
Knock Characteristics of Motor Fuels 
(D 357 — 45)! provides for the use of a 
mixture thermostat in locations where 
large fluctuations in line voltage are en- 
countered. This revision was approved 
by Section IV on Detonation, and sub- 
mitted to letter ballot in Technical Com- 
mittee A; of the 37 members, 24 returned 
their ballots, of whom 20 have voted 
affirmatively, 0 negatively, and 4 marked 
their ballots “not voting.” The pro- 
posed revision is as follows: 

Section A5 (f).—Add the following new 
paragraph: 


In locations where line voltage fluctuations 
are small, the mixture temperature can be con- 
trolled satisfactorily by manual adjustment of 
the rheostat. Where large fluctuations are en- 
countered, use of the mixture thermostat,* 
available as optional equipment, is recom- 
mended. This device consists of (/) a bimetallic 
thermostatic unit incorporated in a }-in. spacer, 
which is inserted between the intake manifold 
and the intake port of the cylinder, and (2) an 
electronic relay unit mounted on, preferably 
behind, the instrument panel. 


11945 Supplement to Book of A.S.T.M. Standards, 
Part IIT. 


: * Detailed information on this device can be obtained 
trom the Waukesha Motor Co., Waukesha, Wis. | 
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Proposed Changes in Exhaust System 


Specifications for Methods D 357 and 
D614: 


Resonance or tuning of the exhaust 
pipe may affect engine performance by 
producing pressure waves which affect 
the scavenging of combustion products 
from the cylinder, Depending on the 
tuning present, an appreciable positive or 
negative pressure can exist during the 
period of exhaust-valve opening. In or- 
der to obtain data which are repro- 
ducible from one laboratory to another, 
it is important that all knock-test en- 
gines operate under the same test condi- 
tions. If the tolerances in the exhaust 
system specifications for these engines 
permitted different conditions of reso- 
nance from one engine to another, then 
these engines would not be operating 
under the same test conditions. 

The Coordinating Fuel Research Com- 
mittee, in the fall of 1943, formed several 
panels to investigate in this respect the 
adequacy of the specifications for the 
exhaust system now prescribed in the 
Standard Method of Test for Knock 
Characteristics of Motor Fuels (D 357 - 
45)! and the Tentative Method of Test 
for Knock Characteristics of Aviation 
Fuels (D 614-44 T).2 Tests were con- 
ducted on a single-cylinder supercharged 
C.F.R. engine, connected to a dyna- 
mometer, and equipped with fuel and air- 
flow measurement apparatus. Various 
lengths of exhaust pipe up to the limit 
prescribed in the test methods were tried, 
and the effect on engine performance 
noted. The significant data obtained 
are presented in Table I. 

These data show that the air consump- 
tion of the engine varied as the pipe 


a 1944 Book of A.S.T.M. Standards, Part III. 
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length was changed, indicating that dif- 
ferent conditions of resonance were ob- 
tained, which affected engme perform- 
ance. Present test methods specify only 
a maximum length of pipe. Therefore, 
it was evident that all engines were not 
operating under the same conditions, 
and that a means should be provided for 
removing this variable. 

In order to minimize the effect of reso- 
nance, a 1-cu.ft. surge tank was installed 
in the exhaust system, as close to the 
engine as practicable. Test data ob- 
tained with various exhaust-pipe lengths 
are given in Table IT. 


TABLE I.—EXHAUST SYSTEMS CONFORMING TO 
PRESENT SPECIFICATIONS EFFECT OF EX- 
renee PIPE LENGTH ON ENGINE PERFORM- 


Power Output, 


Air Flow, 
IMEP, psi. 


Pipe Length, ft. ib. per hr. 


@ Engine operating conditions same for each test. 
Absolute manifold pressure 40 in. of mercury, fuel-air 
ratio at maximum power point on constant boost curve. 


These data indicate that exhaust pipe 
length had little if any effect on air con- 
sumption, or horsepower output. It 
was, therefore, concluded that it would 
be advisable to include a surge tank of 
this size in the specifications for the 
exhaust system. Moreover, it was 
agreed that these results, while applying 
to a supercharged C.F.R. engine operat- 
ing at 1800 rpm., were also applicable to 
the engines used in A.S.T.M. Methods 
D 357 and D 614. 

Data substantiating these conclusions 
have been offered by several laboratories. 
In addition to observing a change in 
engine performance with various pipe 
lengths under the present specifications, 
it was found that static back pressures 
varied up to 30 in. of water, between dif- 
ferent installations. The addition of a 
surge tank minimized these variances. 

The changes summarized in the pro- 
posed revision given below were ap- 
proved by the Coordinating Fuel Re- 


search Committee in February, 1945, 
without exchange test rating data, since 
it was felt that these changes should not 
affect ratings as there were probably as 
many engines in service, the performance 
of which was adversely affected by reso- 
nance as there were those whose per- 
formance was aided, and, therefore, the 
proposed system represented a mean. A 
number of laboratories have used the 
proposed system over a period of six 
months, and report no effect on ratings, 


TABLE II.—PROPOSED EXHAUST SYSTEM SPECI 
FICATIONS er 1 CU. FT. SURGE TANK 
EFFECT OF EXHAUST PIPE LENGTH ON 
ENGINE PERFORMANCE? 


Static Back 
_Pressure 
in Water, 


Power 
Pipe Length, ft. 


Open to atmosphere. . 


* Engine spenting conditions same for each test. Ab- 
solute manifold pressure 40 in. of mercury, fuel-air ratio 
at maximum power point on constant boost curve. 


It is accordingly proposed that Section 
A10 in A.S.T.M. Methods D 357 and 
D 614 be revised to read as follows: 


A10. Exhaust System.—A separate exhaust 
system shall be provided for each engine. The 
system shall consist of a flexible pipe, a surge 
tank, Fig. 1,’ and a discharge pipe. 

(a) Flexible Pipe.—A flexible pipe not less 
than 1} in. in internal diameter, and not exe 
ceeding 30 in. in length shall be used to connect 
the engine exhaust port and the surge tank. The 
special flange and spacer shown in Fig. 2 shall 
be used for the connection to the surge tank. 

(b) Spacer.—The spacer used shall be either a 
brass ring for water injection or a transite spacer. 
Experience has shown that the use of water in- 
jection is advantageous. 

(c) Surge Tank.—The surge tank, which 
shall have an inside diameter of not less than 
10 in., an outside diameter of not less than 10} 
in., and a volume of not less than 1 cu. ft. may be 
mounted either vertically or horizontally, but 
must be rigidly supported. If mounted verti- 
cally, as shown in Fig. 1, the exhaust is dis- 
charged through the top flange, and water 
through the pedestal. This mounting is adapted 
to installations where the discharge pipe passes 
through the roof of the building. 

3 When this revision is adopted and incorperated in the 


methods these figures will be renumbered in Method D 357 
as Figs. 2, 3, and 4, and in Method D 614 as Figs. 3, 4, and5. 


> 


* | Flow, Ib. 
psi. . per hr. in, 
| 
163 85.3 1 
162.5 85.3 1 
15 167 86.8 162 85.3 2 
18 167 86.4 
20 166.3 86.0 


Flexible Section It Inside Diameter 
Condenser Mox. Length 30", to be horizontal at 5.5 CR. 


Floor Line 


Exhaust Pipe 


| 10.75" Outside Diameter 


Pedestol 


Water Trap 


Fic. 1.—Exhaust System. 


22 Inside Diameter x 
Outside’ Diameter x Flonge. 
Drill & Tap 4 holes on 43 
Bolt circle for 2 —@ Hexagonal 


Head Cap Screws 


PL AN Copper-Asbestos 


Gasket 


Std. 2" Blind Flange 
Drilled & Tapped 
Pipe 

Iz Diam. Min. 


ZZ 


Diam. Min. 
TRANSITE SPACER 


P 4 Countersunk No.5 
Flat Head 


Flexible 
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Diam. Water 
ENGINE Conal 
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Water Inlet 
Spocer or Spray 


2.—Flexible Pipe and Spacer. 


Machine Screws 

ASSEMBLY OF SPRAY 

0.050" Diam. Water Jets 
(16, equally spaced) | 
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Where the exhaust is to be discharged into 
ducts in the floor, the pedestal may serve as the 
discharge pipe. In case water must be removed 
from the exhaust, the pedestal pipe should ex- 
tend into the surge tank to a point above the 
exhaust inlet. In such installations the drain 
tap serves as the water outlet, and a trap should 
be provided in the drain line. 


tem for each engine, the exhaust back pressure 
at the surge tank nevertheless shall not exceed 
10 in. of water, and resonance shall not occur in 
the system. To check for resonance, install a 
quick-opening j-in. pipe valve in the flexible 
exhaust pipe, as shown in Fig. 2. If the indi- 
cated knock is altered appreciably when the 
valve is opened, discharging the exhaust to the 


t Pipe Nipple for 


Spacer or Spray 


Manometer 


Std. 2" Blind 


Z 9.6" = 
Flange Drilled & \ Weid Flange 


Weld 


— 


Tapped for It 
Pipe 


£ 


Flange "A’ 


Std. 10" 
Welding Cap 


— A. “Steel Pipe 


NOTE: 


Std. 2 “Pipe Nipple 


Tank to be Lagged if Water Injection Not Used. 
Flange “A"-22 Inside Diameter x 6" Out- 
side Diameter” x Flange. Drill & Tap 4 


Head Cap Sereus. 


Should it be more convenient to mount the 
surge tank horizontally, the exhaust may be dis- 
charged through either the top or the end flange, 
Fig. 3. A trap should be provided in the drain 
line. 

(d) Exhaust Back Pressure. hte back pres- 
sure at the surge tank shall not exceed 10 in. 
of water. 

(e) Discharge Pipe—The discharge pipe 
shall have a minimum inside diameter of 2 in. 
and a maximum length of 30 ft. measured from 
the surge tank. Elbows, or other restrictions, 
must be avoided in order to comply with Para- 
graph (d). A straight-through muffler may be 
used, if compliance with Paragraph (d) is ob- 
tained therewith. 

Norte.*—If it is impractical, because of labo- 
ratory construction or location, to conform to 
the 30-ft. maximum length for the discharge pipe, 
or to the requirement of a separate exhaust sys- 


4 This note will be numbered Note 9 in Method D 357, 
and Note 5 in Method D 614. 


Holes on 42 Bolt Circle for $ Hexagonal 


Fic. 3.—Exhaust System Surge Tank. 


atmosphere, resonance is indicated, and the 
system must be altered to correct it. 


The above proposed changes in the 
exhaust system were approved by a ma- 
jority of the members of Section IV on 
Detonation, and were submitted to letter 
ballot of Technical Committee A; of the 
37 members, 24 returned their ballots 
with the following results: Method 
D 357, 17 affirmative, 3 negative, and 4 
ballots marked “not voting”; Method 
D 614, 17 affirmative, 2 negative, and 5 
ballots marked “not voting.” 


Respectfully submitted on behalf of 
the technical committee, 


C. B. VEAL, 


Chairman. 


REST 
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RESULTS OF TESTS ON METHOD FOR ESTIMATING MAXIMUM POUR 
POINTS OF LUBRICATING OILS CONTAINING POUR POINT | 
DEPRESSANTS 


SUBMITTED BY SUBCOMMITTEE XVI 


Subcommittee XVI on Cloud and Pour 
Test recommends that the appended 
Proposed Method of Test for Maximum 
Pour Points of Lubricating Oils Contain- 
ing Pour Point Depressants,! as devel- 
oped by members of the subcommittee, 
be published as information only. 

Since 1917, the subcommittee has 
recognized, especially in the case of black 
oils and cylinder stocks, the effect of 
thermal history on pour point. The 
present A.S.T.M. Method of Test for 
Cloud and Pour Points (D 97 — 39)? in 
recognition of this fact, contains a 
“Special Procedure for Black Oils, Cylin- 
der Stocks and Nondistillate Fuel Oils.” 
In 1934, with increasing use of pour point 
depressants, recognition was given to the 
greater sensitivity of oils containing them 
by providing a slower cooling rate. All 
of the foregoing serves to emphasize the 
inadequacy of the present method for 
predicting the pour points of oils con- 
taining depressants when subjected to a 
fluctuating thermal cycle. 

For the past year and a half, the mem- 
bers of Subcommittee XVI cooperated 
ina search for a better method and at 
least seven distinctly different proce- 
dures were evaluated. Samples of 19 
carefully chosen oils were made available 
for study and a preliminary report at the 
June, 1944, meeting led to the conclusion 
that further work should be directed to 
the procedure designated later in this 
report as ““Method D” (as distributed 
June, 1944). Since that time seven 


See p. 244. 
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laboratories have reported results on the 
19 oils by this procedure. These data 
are given in Table I. 

In the course of the work, and from the 
comments of those participating, it 
became evident that certain minor 
changes were desirable. These have 
been incorporated in the appended 
Proposed Method.’ 

Three of the cooperating laboratories 
have applied this final Method to the 19 
oils and obtained the results given in 
Table II. In Table III average A.S. 
T.M. pour points from Table I, average 
stable pour points from Table I (ob- 
tained by Method D (June, 1944)), indi- 
vidual and average maximum pour points 
from Table II, results of the Standard 
Oil Co. of N. J. type V test, and esti- 
mated stable pour points from such field 
testing as is available to date, are 
brought together for comparison. 

The determination of temperatures at 
which to make observations on samples 
under test was based on the A.S.T.M. 
pour point of the oil in question in the 
procedure for “Method D” (June, 1944). 
The experimental basis for establishing 
these points of observation is now ob- 
tained by examining the samples at each 
five-degree interval during cooling in the 
first cycle. This change materially re- 
duces the over-all testing time. Maxi- 
mum pour point may be‘obtained with a 
pair of samples at the same time that 
A.S.T.M. pour point is determined on a 
third sample and all testing, including 
preparation of samples, can be completed 


in a maximum time of 8 hr. 
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TABLE I.—RESULTS OF CLOUD AND POUR POINT TESTS. 


All results are in degrees Fahrenheit. 


Oil Sample 


HC-1 | HC-2 | HC-3 | IC-4 | IC-s | LC6 | 


STABLE Pour Pornt—Metuop D? 


+5, +5 
+20 
+20 
+15, +15 | +10, +10 
+15 0 


+10 +15 
-| +20, +15 +10, +15 


+10, +5 | +10,415| | —10, -2s 
+15 +15 


0 
+10, 


+20, +10, 0 


| 


—25, =20 | 


—15 | 


—5, —10 | +10, +2 
45 


+20 
+15, +10 


| +10 


+15 0 Ae -15 


+15 


AS. T. M. Cuoup Potnts—Metuop D 97 


A. S. T. M. Pour Pornts—Metuop D 97 


—25, —30 
—35, —35S 
-| +20, —25 
—20, —25 
—25 


—35, —25 | —15, —15 | —20, —15 
—30 | —20 


—15, —20 | —20, —20 
—15, —15 | —20, —20 
—20, —25 | —20, —20 
—15, —15 | —15, —15 
~15 


—25 


! 
—20 | —30, —25 —20, —20 | 


—30 


Average... 


Coopera- 
ting 

Labora- 
tories 


12 | 13 | 


—25, —30 | —25, —25 


—2$ 


Oil Sample 


| 16 


STABLE Pour Point—MeEtHop 


—15, —10 —20, 0, 


+10, +10 


+5, +15, 


+0, 10 


+5, +5 
+15 —10 
+5 —20 

+5, +5 

+ —20 
+20 —5 

+20, +10 —10, —15 


—20 


—20, —15, —15 +5, ts 
—20 


—10 tio 
—10, —15| +5, +15 


—20, 


-15, 20 


+5, 10 


+25, +25 


| 


+15 


+10 —15 


—15 +10 


—20 | 


+5 


+25 


A.S.T.M. CLoup Points—Metnop D 97 


A.S.T.M. Pour Points—MeEtuop D 97 


—20 —30, —25 
—10, —10) 


z5 
—25 —30 
—30 


—25 
—30 
—25 


—35, —20 


—15, —20 

—2 —20 

—25, 
~~ 


—15, —20 
—20 
—20 


—15 
—15 


—25, —30 
—30 


—30 
—15 
—25 


—30, —25| — 


Average . 


| 


—20 


* Values shown are averages of five separate determinations. 
As distributed June, 1944. 


; 
Coopera- 
ting 
Labora- | — 
—10 
—20 —10 15 
—10 
10 —20 | —5 
34 34 20 14 6 16 46 26 
| 30, 32 30, 32 18, 20 15, 15 6,6 16,14 | 44,44 | 24,20 
32232 30,30 | 20,20 10,10 | 8,8 12) 12 46, 46 24, 24 
ot ae 30, 30 30, 32 18, 18 12714 | 6,6 14; 14 44, 44 18, 20 
28 28 | i6 i4 30 20 
32 36 32 16 48 26 
Average. .| 32 | 32 “4 44 
—30 | —35, —25 | —10, -1 
25 —25 15 
—30, —30 | —30, —25 | —10, -10 
25 | —30, —30 | —30, —30 | —10,-15 
. 20 | —25, —25 | —35, -10,-1) 
20 | —25, —25 | —30,—30| 
| —25 20 —20 
| | | —30 —20 —28 | | 
—15,0 | +20, +25 
0 
0 +25 
ab —5, —5 | +25, +25 
0 
+10 
+10, +5 | 
‘Average | | 0 | = 
24 24 30 200 | 26 44 18 20 30 
TE 32 24 28 16 24 34 16 24 30 %6 
C.c.\..) 22,22 | 24,22 | 28,30 | 18,18 | 22,22 | 32,32 | 16,16 | 18,22 | 30,32 | 32.2 
D........| 20,20 | 26, 26 | = 30, 30 
Ge] 22 26 18 24 30 16 20 30 38 
Average | 22 2 | 2 18 | 24 32 | 16 20 30 32 
— 25| —30, —25| +20, +420 
—25 —25 | +10, +10 
E........| —15, —15] - —25 —25 | +10, +2 
F —5 —2x —30 —15 —15 +25 
—10 —x —30 —25 —25 +15 
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Instead of the +40 F. bath called for 
in 'the June, 1944, procedure, the pro- 
posed Method requires the use of a bath 
at +30 F. for the warming cycles. This 
change permits a simplification of appa- 
ratus requirements since the +30 F. 
bath stipulated in A.S.T.M. Method 
D 97 may be employed. The data in 
Table III demonstrate that no signifi- 
cant change in test results is involved 
thereby. 

By having the Proposed Method for 
maximum pour point state that whenever 
a sample is observed solid at +20 F., 
testing of that sample may be discon- 
tinued and its maximum pour point re- 
ported as “+25 F. or above,” all oils 
possessing higher stable pour points are 
specifically accounted for and the testing 
time for many others will be shortened. 
For production control work, time can 
be saved by discontinuing the test at 
any point where a sample is observed to 
be solid at the required maximum pour 
point of the particular oil in question, 
whatever that temperature may be. 

Comparison of data in Tables I and IT 
shows clearly that the modifications in 
test procedure adopted since the June, 
1944 draft, in addition to reducing appa- 
ratus requirements and over-all testing 
time, have served to increase materially 
the precision and reproducibility of the 
test without significantly altering the 
final test results. Comparing average 
maximum pour points by the Proposed 
Method with average stable pour points 
by the old procedure (Table III) shows 
exact agreement on ten of the oils and 
only five degrees difference on the other 
eight. In the latter case, two oils with 
good pour point stability (Nos. 7 and 
14) show maximum pour points 5 F. 
lower than the stable pour points ob- 
tained by the June, 1944, procedure while 
the remaining six oils, all bad with regard 
to pour point stability, are shown to be 
5 F. higher by the Proposed Method. 


The test for maximum pour point 
covers a range from —35 F. to +25 F 
and is limited to SAE No. 10 and SAR 
No. 20 grade oils, which contain added 
pour point depressants. These represent 
the oils which most frequently exhibit 
the phenomenon of pour point reversion 
It is the consensus that the pour point 
obtaining under field storage conditions 
will usually fall between the maximum 
pour point determined by the Proposed 
Method and the A.S.T.M. pour point 
obtained by Method D 97. The 19 oils 
studied are under field tests at several 
locations and a final report of results 
obtained will be presented later. 

The claim of a degree of reproduci- 
bility substantially equal to that ob 
tained with A.S.T.M. Method D 97 is 
perhaps better than had been expected 
for a pour point reversion test, but it is 
adequately supported by the data in 
Table II. It may be noted by examina- 
tion of Table II that laboratory A 
checked its results within 5 F. without 
exception on the 19 oils while the results 
in laboratory C show three discrepancies. 
Of these, the test on oil sample HC-2, 
where a maximum pour point of 0 F. is 
reported, is discounted because of an 
error in the observations during the third 
cycle. The sample and duplicate were 
found to be solid at —5 F. and —10F. 
in the third cycle, while the Proposed 
Method calls for these observations to be 
made at 0 F. and +5 F. at which a solid 
point presumably would have been ob- 
tained. There is no explanation of the 
—15 F. and —25 F. results obtained by 
the same laboratory on oil sample No. 14, 
but the +15 F. result obtained on sample 
No. 8 is so far out of line with all other 
results on the same oil that it can rea 
sonably be questioned. 

Referring further to sample No. 
Table II, a point may be brought out 
which could eventually require a modifi 
cation of the test procedure. In the 
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second test by laboratory A the sample 
and duplicate were both solid in both the 
second and third cycles and the maxi- 
mum pour point had to be reported as 
-5 F. or above. A third test on oil 
No. 8 then gave: 
First cycle..................Solid — 20 F., Solid — 20 F. 
Second cycle.......... .... Solid — 15 F., Fluid — 10 F. 
Third cycle Solid — 10 F., Solid — 5 F. 
Maximum pour point... 0 F. or above 
The question raised by such results is 
whether or not it is advisable to have the 
test procedure stipulate an additional 
fourth cycle when results such as these 
are Obtained. However, it is not felt 
that the present data fully justify such a 
step and that it would be preferable to 
await accumulation of additional data 


before making the decision. Attention 
is called to the fact that sample No. 8 is 
the most unpredictable of the 19 oils 
and field data on this sample will be of 
particular interest. 

Obviously, final definition of precision 
and reproducibility of the present pro- 
cedure for maximum pour points must 
await results of current field testing and 
reports from wider application of the 
test. It is for the latter purpose that 
publication of the test procedure as 
information only is requested. 


Respectfully submitted, on behalf of 
Subcommittee XVI, 
L. C. BEARD, JR. 
Chairman. 
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APPENDIX I 


PROPOSED METHOD OF TEST FOR MAXIMUM POUR POINTS OF 
LUBRICATING OILS CONTAINING POUR POINT DEPRESSANTS! 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 260 S. Broad St., Philadelphia 2, Pa. 


{ Scope prescribed temperatures when the test 
1. This method of test is intended to jar is tilted. The temperature 5 F. 
measure the highest temperature at above that at which no flow is observed 
which SAE 10 and SAE 20 grade oils is recorded as the pour point. The 
containing added pour point depressants highest of the recorded pour points is Te 
will solidify when the oil is subjected to ported as the maximum, regardless in 
cyclic temperature changes. which cooling step it was observed. 


Norte 1.—The actual temperature at which an Apparatus 
oil will solidify under commercial conditions of 4. (a) Test Jar, Jacket, and Cooling 
Baths for maintaining temperatures be- 

by this and determined by tween 30 and 35 F. and —70 and 0 
AS.T.M. Method D 97.2 The apparatus shall be as specified in 
m A.S.T.M. Method D 97,? but shall be 
Definition assembled as illustrated in Fig. 1. 

2. (a) Pour Point.—The temperature (6) Thermometers—Low Cloud and 
5 F. above that at which a petroleum oil Pour test thermometer for measuring 
will not flow when chilled without dis- test temperatures shall have a range of 
turbance at specified cooling rates. —70 to +70 F., and conform to the 

(6) Maximum Pour Point.—That specifications for A.S.T.M. thermometer 
temperature 5 F. above the highest tem- FE 1(6 F — 39). Any suitable thermome- 
perature at which an oil can be found ter may be used for measuring bath 
not to flow when alternately cooled and temperatures. 
warmed under definitely prescribed con- 


Procedure 


5. (a) Preparation.—Dry the inside of 
Outline of Method each jacket and place a clean dry insulat- 
3. The oil is cooled to —30 F. and __ ing disk on the bottom of each. Clean 
then three times taken through a cycle and dry the ring gasket and place it on 
in which its temperature is raised to the test jar at such a point that it will be 
+20 F. and cooled to —30 F. During nearly flush with the top of the jacket 
each of the last three cooling steps, when the jar is inserted. Pour the oil 
the condition of the oil is observed at sample at room temperature into the 
~~ Sele peapesed method is under the jurisdiction of the test ages quantity sufficient to fill the 
AS.T.M. Committee D-2 on Petroleum Products and jar to a point between the two etched 
lutions Book of A'S'T-M. Standards, Partiil. lines (2 to 2} in. above bottom). Stop 
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PROPOSED TEST FOR Maximum Pour Points oF LUBRICATING OILS 


per the jar tightly by means of a cork 
which supports the test thermometer in 
a vertical position in the center of the 
jar. Adjust the thermometer so that it 
is immersed in the oil to a point } in. 
above the beginning of the capillary. 
Prepare a duplicate sample in the same 
manner. 

(6) Initial Cooling.—Place the test 
jars directly in the jackets in the —70 to 
—60 F. bath allowing each jar to sit on 


e—Disk. 
f—Ring gasket. 
g—Cooling bath. 


a—Test jar. 

b—Thermometer. 

c—Cork stopper. 

d—Jacket. 

Fic. 1.—Apparatus for Maximum Pour 
Point Test. 


the insulating disk, and seal the annular 
opening at the top by means of the ring 
gasket as shown in Fig. 1. Allow the 
samples to remain undisturbed until the 
oil temperatures reach —30 F. If the 
two samples do not reach this point at 
the same moment, transfer both to the 
next bath when the slower cooling one 
has reached —30 F. 

Note 2.—When transfer is made of the sam- 
ples from one bath to another the test jar shall 


always be placed in the jacket, not directly into 
the cooling medium. 
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(c) First Cycle—When the oil tem- 
perature reaches —30 F., transfer the 
samples to a bath at +30 F. and allow 
them to remain undisturbed in this bath 
until a temperature of +20 F. is reached. 
As each sample reaches +20 F. transfer 
it immediately to the bath at —60 F. 
Beginning with the oil at a temperature 
of +20 F., carefully remove the test jar 
from the bath and tilt it just enough to 
ascertain if there is a movement of the 
oil. If movement is observed, return the 
jar to the —60 F. bath. Do not con- 
sume more than 3 sec. for the complete 
operation of removal, observation, and 
replacement. Repeat this observation 
for flow at each of the succeeding lower 
5 F. temperatures. When the oil does 
not appear to flow as the jar is tilted, 
hold the test jar in a horizontal position 
for 5 + 0.1 sec., observe the oil for move- 
ment and immediately return it to the 
cooling bath. If the oil in the test jar 
shows no movement under this last con- 
dition, record it as being solid at the 
temperature indicated by the test ther- 
mometer; otherwise record the oil as 
being fluid. 

(d) Second Cycle.—When the oil tem- 
perature reaches —30 F., transfer each 
test jar to a bath at +30 F. and allow it 
to remain undisturbed in that bath until 
the samples reach a temperature of 
+20 F. As each sample reaches +20 
F., transfer it immediately to the bath 
at —60 F. If both samples were fluid 
in the first cycle, observe the condition 
of the one sample at —20 F. and the 
condition of the other at —25 F. If 
either or both samples were observed to 
be solid during the first cycle, observe 
the condition of one sample at 5 F. above 
the higher solid point recorded and the 
condition of the other at 10 F. above the 
same point. Record the condition of 


temperature of observation. 
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(e) Third Cycle.—-When the oil tem- 
perature reaches —30 F., transfer each 
test jar to a bath at +30 F. and allow it 
to remain undisturbed in that bath until 
the samples reach a temperature of +20 
F. As each sample reaches +20 F. 
transfer it immediately to the bath at 
—60 F. If both samples were recorded 
as fluid in the first cycle and in the second 
cycle, observe the condition of the one 
sample at —30 F. and the condition of 
the other at —35 F. If either or both 
samples were recorded as being solid dur- 
ing the second cycle, observe the condi- 
tion of the one sample at 5 F. above the 
higher solid point recorded in the second 
cycle and the condition of the other 
sample at 10 F. above the same point. 
If either or both samples were recorded 
as being solid in the first cycle and sub- 
sequently both were recorded as being 
fluid in the second cycle, observe the con- 
dition of one at 5 F. and the other at 10 F. 
above the higher solid point recorded in 
the first cycle. Record the condition of 
the samples as solid or fluid at the tem- 
perature of observation described above. 
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Reporting 

5. Report as the maximum pour point 
of the oil under test that temperature 
5 F. above the highest temperature at 
which either sample was observed at any 
time to be solid during the course of the 
test. If the highest solid point observed 
was +20 F., the maximum pour point 
shall be reported as “+25 F. or above.” 
If the sample and duplicate were fluid at 
all observations, the maximum pour 
point shall be reported as “—35 F. or 
below.” 


Note 3.—If at any time during the test an oil 
is found to be solid at +20 F., testing of this oil 
may be discontinued and it may be reported as 
having a maximum pour point of “+25 F. or 


above.” 
Reproducibility of Results 


6. Individual results of the test for 
maximum pour point on the same oil in 
any one laboratory may vary by 5 F. 
and in different laboratories by 10 F., 
although the average of three or more 
results in different laboratories should 
show a difference between averages no 
greater than 5 F. 
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APPENDIX II 


PROPOSED METHOD OF TEST FOR TOTAL OLEFINIC AND 
AROMATIC HYDROCARBONS IN GASOLINE! 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 260 S. Broad St., Philadelphia 2, Pa. 


carbons in the acid mixture is a measure 
of the total content of those constituents 
(Note 2). 


Norte 2.—The contraction in volume actually | 
measures total olefins and aromatics present in 
the sample plus any volume change which oc- 
curred when these olefins and aromatics were 
mixed with the saturated hydrocarbons. The 
maximum volume change known among hydro- © 


1. This method of test is intended for 
the determination of olefinic plus aro- 
matic hydrocarbons in gasolines or other 
hydrocarbon mixtures that have 95 per 
cent distillation temperatures of 205 C. 
(400 F.) or lower by A.S.T.M. Method 
D 86, Test for Distillation of Gasoline, 
Naphtha, Kerosine, and Similar Petro- 
leum Products? It is applicable to 
finished motor and aviation fuels, to 
base and blending stocks, and to any 
narrow-boiling hydrocarbon mixture fall- 
ing within this boiling range limitation. 
The method is not applicable to deter- 
minations above 98.5 per cent olefins 
plus aromatics if a 10-ml. sample is used 
nor above 97.0 per cent if a 5-ml. sample 
is used (Note 1). 

Nore 1.—The ASTM has no correlation be- 
tween this method and the similar test (aromatic 
hydrocarbon content of Stoddard Solvent) de- 


scribed in A.S.T.M. Specifications D 484, for 
Stoddard Solvent.* 


Outline of Method 


2. A measured volume of sample is 
shaken, at the temperature of melting 


carbons of this boiling range is 0.6 per cent ex- 
pansion for a 2:3 mixture of benzene and satu- 
rates. However, the volume change is generally 
less than 0.3 per cent; hence it is usually less 
than the precision of the method and may be © 
neglected. 


Apparatus 


3. (a) Standard and Precision Sul-— 
fonation Flasks meeting the requirements 
shown in Figs. 1, 2, and 3. 

(b) Pipettes of 5 and 10-ml. capacities, — 
calibrated to deliver 5.0 + 0.05 ml. and | 
10.0 + 0.05 ml. of water at 20 C., re-— 
spectively. 

(c) Centrifuge, mechanical or hand- 
driven, capable of a speed of 1000 rpm., 
and equipped with metal cups having a 
minimum inside diameter of 13 in. The 
construction of the centrifuge shall be 


ice, with a solution of phosphorous 
pentoxide in concentrated sulfuric acid. 
The contraction in volume due to the ab- 
sorption of olefinic and aromatic hydro- 


! This proposed method is under the jurisdiction of the 
AS.T.M. Committee D-2 on Petroleum Products and 


Lubricants. Published as information 


une, 1945. 
Supplement to Book of A.S.T.M: Standards, 
art 


21944 Book of A.S.T.M. Standards, Part III. 


such that no part of the neck of the flask 
touches the centrifuge head when the 
centrifuge is in motion. (Note 3.) 


Note 3.—The standard two-cup, hand- — 
driven, milk-test centrifuge for 6-in. Babcock 
bottles may be used. When the standard sul- 
fonation flasks are being centrifuged, the penny 
heads must be aligned in the same vertical 
plane to prevent breakage. 
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(d) Mechanical Shaker having a hori- 
zontal stroke 3 + 0.5 in. in length and a 
speed of 250 + 25 cycles per sec., each 
cycle consisting of one forward and one 
return stroke. The shaker shall shake 
the desired number of sulfonation flasks, 
rigidly clamped in an upright position, 


‘The volume of the flask to the zero calibration mark on 
the neck should be not less than 50 ml. 


Fic. 1.—Standard Sulfonation Flask. 


_ while they are immersed to a depth of 
3.25 + 0.25 in. in an ice-water bath. 
The clamp for the flask should include a 
cylindrical metal cup, having a disk of 
sponge rubber in the bottom, which shall 
be inverted over the stopper and upper 
neck of the sulfonation flask. This ar- 
rangement not only holds the flask in 
place but also serves as a relief valve, 
should excessive pressures develop in the 
flask during shaking. The ice-water 
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bath may be either a small ice pack that 
is shaken with the sulfonation flask or a 
large stationary bath through which the 
carrier for the sulfonation flasks moves; 
a description of a shaking machine with 


TOLERANCE =0.05ML, 
GRADUATED 
we 10 0.2 MM.LO IN O.1ML 
= 2: & 
| “x 
90 
+. 12.5 MM.10. = 
= apacity, = 
40] Zpercent +0.2ml. 
30 
20 
= 
=— 10 5OML MIN TO 
MM. MAX> 
Nore.—Al lass stopper simil 
Outside in'Fig 1 may be used’ "Total height shall then te 190 mma, 
ill Diameter = max. 
tol Fic. 2.—Precision Sulfonation Flask, Range 0 to 
(35 to 37mm) 50 Per Cent Absorption. 
: L stationary ice-water bath is given in the 


Appendix. 
Reagents 


4. (a) Sulfonation Acid.—Prepare by 
dissolving 30 + 1 g. of c.p. P,Os in each 
70 + 2 g. of c.p. H2SO, (95 to 96 per 
cent). If more than a small amount of 
insoluble residue is obtained, discard the 
reagent. Store in a 500-ml. glass-stop- 
pered “ether bottle.” In storage, keep 
the ground-glass cap in place to prevent 
the collection of moisture on the lip of 
the bottle. 

(b) Sulfuric Acid, c.p. (95 to 96 per 
cent H.SO, by weight). 


Test 0! 
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Test FOR TOTAL OLEFINIC AND AROMATIC HYDROCARBONS IN GASOLINE 


Test of Procedure Using Check Samples 


5. (a) Non-Aromatic Sample.—Perco- 
late 200 ml. of methylcyclohexane 
through 50 g. of silica gel packed tightly 
ina 10-mm. diameter column. Follow- 
ing the procedure given in Section 6, the 


CAPACITY = 5ML. 
TOLERANCE = O.O5ML. 
GRADUATED: 


10£ 0.2 MM. 1.0. 

= 

= 
50 ML. MIN. TO 
O CALIBRATION 
au 
37 MM. 


_ Nore.—Alternate glass stopper similar to stopper shown 
in Fig.1 may be used. Total height shall then be 190 mm., 
max. 


Fic. 3.—Precision Sulfonation Flask, Range 48 
to 100 Per Cent Absorption. 


total absorption (or apparent aromatic 
content) for this sample should not ex- 
ceed 1 per cent (Note 4). 


Note 4.—Significant departures from the 
specified procedure, particularly in regard to 
the reaction temperature, may yield results that 
differ from the correct value by as much as 5 
per cent. Methylcyclohexane reacts more 
readily with the acid at temperatures above 0 C. 
than do paraffins or other naphthenes. 


(b) Aromatic Sample.—Purify a paraf- 
fin (isooctane, n-heptane, etc.) by perco- 
lating a 200-ml. portion through 50 g. 
of silica gel in a 10-mm. column. Place 
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60 + 0.1 ml. in a 100-ml. volumetric 
flask and dilute to volume with pure 
toluene. Following the procedure given 
in Section 6, the aromatic content of this 
sample should be 40 + 1 per cent and the 
raffinate should have a refractive index 
or density within plus or minus 0.0002 of 
that of the purified paraffin or naphthene 
used for the blend (Note 5). ° 


Nore 5.—Sufficient contact between the acid 
and hydrocarbon is a critical factor affecting 
the precision of the method, particularly when 
the aromatic content is about 40 per cent. 


Procedure 


6. (a) Introduce 25 + 1 ml. of the sul- 
fonation acid into either the standard or 
precision sulfonation flask (depending on 
the desired precision) and close the flask 
with the glass stopper. Place the flask 
in its holder in the shaking machine so 
that it is submerged 3.25 + 0.25 in. in 
the ice-water bath (0 to 4 C.) and allow 
it to remain in the bath for at least 5 min. 
Measure and record the temperature of 
the sample. By means of a pipette, 
add 10 ml. of sample to the sulfonation 
acid, allowing the sample to run slowly 
down the walls of the flask so that no 
mixing of the two phases will occur 
(Note 6). Stopper the flask and secure 
in place in the shaking machine by means 
of the clamp (Note 7). 


Note 6.—A highly volatile sample, such as 
a C;, must be cooled in an ice-water bath and 
transferred to the sulfonation flask by means of 
a cooled pipette. For this type of sample the 
preliminary shaking described in Paragraph (6) 
should be modified to one full cycle every 15 sec. 
for a period of 5 min. in order to assure sufficient 
contact between the light sample and the acid 
layer. 

Note 7: Caution.—It is important that the 
sponge rubber disk be placed between the stopper 
of the flask and the clamp. Excessive pressure 
which may develop in blends of high olefin con- 
tent will push the stopper into the rubber disk 
and thus release the pressure. If the stopper is 
fastened rigidly to the flask, breakage may 
occur. 


4Eastman X grade toluene has been found satis- 
factory. 
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(b) Allow the flask to stand for 5 min. 
after introduction of the sample into the 
flask, then cause the shaking machine to 
make one full cycle (a forward and a re- 
turn stroke) at the end of each minute for 
the next 5 min. Then without further 
interruption allow the flask to be shaken 
at a rate of 250 + 25 cycles per min. for 
the next 20 min. (Note 8). 

Nore 8: Danger.—Put on face mask or gog- 
gles before proceeding with the next step in the 
procedure. 


(c) Vent the flask momentarily while 
still in the ice-water bath, then imme- 
diately remove it from the bath and cen- 
trifuge it for 3 min. at approximately 

1000 rpm. Pour (95 to 96 per 


80 
Fic. 4.—Illustration of Method for Reading 


Volume of Unreacted Hydrocarbon in Sulfona- 
- tion Flask (see Section 6 (d)). 


B 


cent) down the side of the neck of the 
flask until the hydrocarbon layer is en- 
tirely within the graduated portion of the 
neck, then centrifuge for an additional 
3 min. 

(d) Bring the acid-hydrocarbon mix- 
ture to a temperature within 1 C. (Note 
9) of that at which the sample was 
measured by immersing the sulfonation 
flask for 5 min. in a beaker of water 
maintained at the desired temperature. 
Place the flask in front of a plain, non- 
glary, white or light-colored background 
illuminated by a diffused light. Read 
the scale to the nearest quarter division 
(that is, to the nearest 0.05 ml.) on a 
standard flask, and to the nearest 0.2 
division (that is, to the nearest 0.02 ml.) 
on a precision flask, at the upper and 


lower levels of the hydrocarbon layer as 
represented by points A and B in Fig. 4, 
Point A denotes the nearly flat boundary 
between the clear hydrocarbon and the 
darkest part of the air-liquid interface, 
and point B refers to the lower and more 
distinct interface between the clear 
hydrocarbon and the sulfonation acid, 
(In Fig. 4 these readings are, respec- 
tively, 9.4 and 7.15 ml.) 


Nore 9.—A temperature change of 1 C. 
corresponds to a volume change of about 0.1 
per cent. 


(e) If the residual volume is less than 
5 ml. and olefins are known to be present 
in the sample, make a second determina- 
tion using only 5 ml. of sample. 


Calculation and Report 


7. (a) Calculate the 
content as follows: 


olefin-aromatic 


Olefin-aromatic content, per cent by volume 
_ 106 

V V 

where: 

V = milliliters of sample, 

r = milliliters of residue, and 

C = correction for solubility of residue 
in the acid (see Table I). 


TABLE I.—SOLUBILITY CORRECTIONS (SEE 
SECTION 7 (a)). 


(V — r)100/V Cc 
0.7 
0.8 
0.9 
1.0 

1.1 
1.2 
1.3 
1.4 


(b) When results are obtained with 
both 5 and 10-ml. samples and _ the 
former are not more than 1.5 per cent 
different from the latter, report the 
values obtained with the 10-ml. sample; 
otherwise report the results obtained 


with the 5-ml. sample. 
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a= 
WITH STATIONARY Ice-WarTen BATH 
c The stationary ice bath, as shown in Fig. 5, is | water free from ice at a temperature of between 
04 mounted from the base of the shaking machine. 0 and 2 C. é ; : 
; It consists of a wooden box with an inner metal The shaking apparatus, with the ice bath re- 
lining. The metal tank is 16 in. in length, 18 moved to ao the — > the ng 
1an in. in depth and has two partitions of }-in. mesh ©" !€r On the reciprocating part of the machine, 
is shown in Fig. 6. The carrier assembly shown 
ent wire screen which divide the bath into three : : : 
ah tax holds eight flasks, supported in pairs by clamps 
na- d th which screw down firmly over the tops of the 
packed the flasks as shown in Fig. 7. The clamp consists of 
tank fille _with water so that the sul onation two inverted cups, each containing a sponge 
flasks are immersed toa depth of 34 in. The rubber disk, mounted on a plate. The cups 
. center compartment, in which the carrier for the cover the stoppers and upper necks of the flasks 
atic sulfonation flasks moves, will then be filled with and serve as a safety guard. 
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Fic. 5.—Shaking Machine with Stationary Ice-Water Bath. 
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Committee D-3 on Gaseous Fuels and 
its seven subcommittees held a joint 
meeting in New York, N. Y., on October 
4, 1944, followed by a meeting of the 
Advisory Committee. 

Much progress has been made by the 
subcommittees, in their various assign- 
ments despite difficulties resulting from 
wartime conditions. The principal ac- 
tivities of the subcommittees for the past 
year are summarized below: 

Subcommittee I on Collection of Gaseous 
Samples (S. J. Modzikowski, chairman). 
—Reorganization of the work of this 
group was accomplished at a meeting 
held in June, 1944. The preparation of 
separate sampling methods for natural, 
manufactured, and liquefied petroleum 
gases is now in progress. Draft of a 
method for sampling liquefied petroleum 
gases is being completed. 

Subcommittee IIT on Determination of 
Calorific Value of Gaseous Fuels (R. B. 
Harper, chairman).—Following much 
preliminary work a draft of a Proposed 
Tentative Method of Test for Calorific 
Value of Gaseous Fuels by the Water 
Flow Calorimeter was completed some 
months ago and copies distributed for 
review and criticism. It is proposed to 
embody the comments received in a final 
draft to be distributed in the near future 
to members of the subcommittee for 
their approval. 

Subcommittee IV on Determination of 
Specific Gravity and Density of Gaseous 
Fuels (E. F. Schmidt, chairman).— 


*Presented at Forty-Eighth Annual Meeting of the 
iety, June 27, 1945. 
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Publication of an abstract of previous 
tests on specific gravity instruments by 
the National Bureau of Standards has 

created considerable interest and led tc 
a number of requests for the complete — 
report. Its publication is now under | 
consideration and it is hoped that this 
may be completedatanearly date. The _ 
subcommittee is also hopeful that addi- | 


r 


the former investigation may be con- 
ducted by the National Bureau of 
Standards. 

Subcommittee V on Determination of 
Special Constituents of Gaseous Fuels 
(E. F. Pohlmann, chairman).—Studies 
on determination of sulfur content of 
gaseous fuels are under way at the Insti- © 
tute of Gas Technology. When proposed | 
methods are prepared it is planned to — 
distribute them to various laboratories 
for actual trial under practical conditions 
before requesting their consideration by 
the subcommittee. By so doing it a 
believed that the development of final 
methods will be much facilitated. 

Subcommittee VI on Determination of 
Water Vapor Content of Gaseous Fuels 
(A. W. Gauger, chairman).—Most of ~oll 
studies so far performed by this group 
have been carried out at The Pennsyl- 
vania State College. Present plans ~ 
for securing an infrared spectroscope now 
on the market which is believed to be 
well adapted for referee purposes. It 
is also proposed to construct, for further 
study, a model of an instrument recently 
developed by one of the members of the 
committee 


( strum in 
; 


a 
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Subcommittee VII on Complete Analy- 
sis or Chemical Composition" of Gaseous 
Fuels (Martin Shepherd, chairman).— 
Cooperative analysis of standard gas 
samples is well advanced and a pre- 
liminary report is in preparation. This 
will include results of various analyses 
performed by various members of the 


ratories. 


subcommittee and cooperating labo- 


This report has been submitted to 
letter ballot of the committee which 
consists of 31 members; 30 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
A. W. GAUGER, 
Chairman. 
R. M. CONNER, 
Secretary. 
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Committee D-5 on Coal and Coke 
held no meetings during the past year. 
The work of its subcommittees was 
curtailed because of the war activities of 
many members. 

During the year J. F. Kohout replaced 
L. C. McCabe, resigned, on the com- 
mittee as the representative of the Corps 
of Engineers of the U. S. War Depart- 
ment; S. S. Tomkins replaced C. A. 
Lunn, resigned, as the representative of 
the Consolidated Edison Co. of New 
York, Inc.; and A. W. Gauger was ap- 
pointed chairman of Subcommittee II 
on Nomenclature and Definitions, re- 
placing H. C. Porter, deceased. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Methods of Testing 
(W. A. Selvig, chairman) has recom- 
mended a change in the tolerances be- 
tween duplicate determinations of vola- 
tile matter for anthracite, low-temper- 
ature coke, and subbituminous coal for 
publication as a tentative revision of the 
Standard Methods of Laboratory Sam- 
pling and Analysis of Coal and Coke 
(D 271 — 44),' referred to later in this 
report, to permit more liberal tolerances 
for these fuels. This recommendation is 
based on the experience of different labo- 
ratories in analyzing these fuels and sup- 
porting data are given in a paper on 
“Precision of the Volatile Matter Deter- 
mination for Anthracite, Low-Temper- 
ature Coke, and Subbituminous Coal,’ 
by W. A. Selvig. 

Subcommittee XI on Coal Friability 
(RK. E. Gilmore, chairman) has recom- 
mended that the Tentative Method of 
Tumbler Test for Coal (D 441 - 37 T) 


ON 
COAL AND COKE* 


be adopted as standard with minor re- 
visions. The Tentative Method of Drop 
Shatter Test for Coal (D 440 - 37 T) is 
on the recommendation of the subcom- 
mittee, being continued as tentative as 
this test will probably require consider- 
able revision. 


I. TENTATIVE REVISION OF STANDARD 


The committee recommends for publi- 
cation as tentative the following revision 
in the Standard Methods of Laboratory © 
Sampling and Analysis of Coal and Coke 
(D 271 - 44)3 

Section 43.—In this section on re-— 
producibility of results, change the 
requirements for maximum permissible 
differences between two or more deter- 
minations of volatile matter from its 
present form: namely, 


Permissible 
Differences 
Volatile Matter 
Same _ | Different 
Labor- Labor- 
atory atories 
Anthracite Cc Coke 0.2 0.4 
Semianthracite, Bituminous ‘Coal, 

Subbituminous Coal, and Chars. . 0.5 1.0 
Lignite and Peat................... 1.0 2.0 
to read as follows: 

Permissible 
Differences 
Volatile Matter 
Same Different 
Labor- Labor- 
atory atories 
High-temperature Coke............ 0.2 0.4 
Anthracite....... 0.3 0.6 
Semianthracite, Bituminous Coal, 

Low-temperature Coke, and 

Subbituminous Coal............... 0.7 1.4 
Lignite and Peat.. orien 1.0 2.0 


2 Report of Investigations 3739, U. S. Bureau of Mines — 
(1943). 
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This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 53 members; 45 mem- 
bers returned their ballots, all of whom 


have voted affirmatively. 


II. ApopTion oF TENTATIVE METHOD 
AS STANDARD 


The committee recommends that. the 
Tentative Method of Tumbler Test for 
Coal (D 441-37 T)* be approved for 
reference to letter ballot of the Society 
for adoption as standard with the fol- 
lowing revisions: 

Section 1.—In the first and third 
sentences, change the word “lump” to 
read “sized,” and add an additional 
sentence after the second sentence to 
read as follows: “The test is serviceable 
for ascertaining the similarity of coals 
in respect to friability rather than for 
determining values within narrow limits 
in order to emphasize their dissimilarity.” 

Section 4 (a).—In the second sentence, 
change the word “lumps” where it first 
occurs to read “pieces of coal” and 
change “1.06 to 1.50-in. lumps” to read 
“1.06 to 1.50-in. size.” In the re- 
mainder of Paragraph (a) change the 
word “lumps” wherever it occurs to 
read “pieces.” 

Section 6.—In the fourth sentence of 
- the Note following this section, change 
the word “lumps” to read ‘‘pieces.” 

This recommendation has been sub- 


mitted to letter ballot of the committee 
which consists of 53 members; 45 mem- 
bers returned their ballots, of whom 41 
have voted affirmatively, 0 negatively, 
and 4 members marked their ballots 
“not voting.” 


III. TENTATIVE METHODS CONTINUED 
AS TENTATIVE 


The committee recommends that the 
following methods of test that have 
stood for two years or longer without 
revision be continued as tentative, as 
revisions may be desirable before they 
are adopted as standard: 


Tentative Methods of: 


Test for Grindability of Coal by the Ball-Mi 
Method (D 408 - 37 T), 

Test for Grindability of Coal by the Hardgrove- 
Machine Method (D 409 — 37 T), 

Drop Shatter Test for Coal (D 440 - 37 T), 

Sampling Coals Classed According to Ash Con- 
tent (D 492 —- 43 T), and 

Test for Free-Swelling Index of Coal (D 720- 
43 T). 


This report has been submitted to 
letter ballot of the committee which 
consists of 53 members; 45 members re- 
turned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
A. C. FIELDNER, 
Chairman. 
W. A. SELvIG, 
Secretary. 


NOTE 


_ As indicated in the Summary of Proceedings, p. 8, a proposed tentative 
_ revision of the Standard Methods of Laboratory Sampling and Analysis of 
4 Coal and Coke (D 271 — 44) referred to in the report was submitted by Com- 
mittee D-5 and accepted by the Administrative Committee on Standards on 


27, 1945. 


The tentative revision appears in the 1945 Supplement to 


~ Book of A.S.T.M. Standards, Part IIT, 
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AND PAPER PRODUCTS* 


Committee D-6 on Paper and Paper 
Products held one meeting during the 
year, on June 27, 1944, in New York, 
N.Y. 

Cooperative relations are being con- 
tinued between Committee D-6 and 
other A.S.T.M. committees, as well as 
other standardizing bodies. 

During the year the Society was in- 
vited to appoint a representative to serve 
on the Testing Division Advisory Com- 
mittee of the Technical Association of the 
Pulp and Paper Industry. L. S. Reid of 
Committee D-6 was appointed as this 
representative. 

At the present time, Committee D-6 
consists of 68 members, of whom 56 are 
voting members; 25 are classified as 
producers, 19 as consumers, 19 as general 
interest members, and 5 as consulting 
members. 


I. New TENTATIVE METHODS 


The committee recommends that the 
following new methods, prepared by 
Subcommittee I, be accepted for publi- 
cation as tentative, as appended hereto:! 


Tentative Methods of Test for: 


Ply Adhesion of Paper and Vulcanized Fibre, 

\bsorption by Bibulous Papers of Water and 
Writing Ink, 

Degree of Wet Curl of Paper, 

Water Vapor Permeability of Sheet Materials 
at Elevated Temperature and Humidity, 

Edge Tearing Strength of Paper, 

Wet Tensile Breaking Strength of Paper and 
Paper Products, and 


* Presented at sh Eighth Annual Meeting of the 
Cie iety, June 27, 194 
ese methods, were accepted as tentative by the 
ciety and appear in the 1945 — to Book of A.S. 
TM. tandards, Part III. 


Tensile Breaking Strength of Paper and Paper 
Products. 


II. AporpTion oF TENTATIVE METHODS 
AS STANDARD 


The committee recommends that the 
following five tentative methods? be 
approved without change for reference 
to letter ballot of the Society for adop- 
tion as standard: 


Tentative Methods of: 


Turpentine Test for Grease Resistance of Paper 
(D 722 - 43 T), 

Test for Degree of Staining of Paper by Alkalies 
(D 723 - 43 T), 

Test for Surface Wettability of Paper (Angle-of- 
Contact Method) (D 724 - 43 T), 

Test for Wire and Felt Sides of Paper (D 725 - 
43 T), and 

Test for Kerosine Number of Reofing and Floor- 


ing Felts by the Vacuum Method (D 727-_ 


43 T). 


The remaining tentative methods 


under the jurisdiction of Committee D-6 
although requiring no revision, are rec- 
ommended for continuation as tentative 
in their present form. 


The recommendations appearing in 


this report have been submitted to letter , 
ballot of the committee which consists of © 


56 voting members; 40 members returned 
their ballots with the results shown in 
Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Paper Testing 
Methods (W. R. Willets, chairman) has 
held two meetings during the year. The 
subcommittee has been active in devel- 
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Test for Absorption by Bibulous 


Report or Committee D-6 


oping new methods of test and has also 
continued its critical study of various 
methods of test of paper and paper 
products that have been adopted by 
other agencies, for example, those of the 
Technical Association of the Pulp and 
Paper Industry. Thesubcommittee pre- 
pared seven new methods of test which 
are being recommended for publication 


AN AL YSIS OF LETTER BALLOT VOTE. 


| Ballots 
| Nega- | | Marked 
tive | “Not 

| Voting” 


TABLE 


tive 


I. New Tentative Metaops 
Test for Ply Adhesion of Paper 
and Vulcanized Fiber 32 


Papers of Water and Writing 


Ink 32 

Test for Degree of Wet Curl of 
Paper 35 

Test for Water y+ Permea- 
bility of Sheet Materials at 
Elevated Temperature and 

Test for E a Tearing Strength 
of Paper 

Test - Wet Tensile Breaking 
Strength of Paper and Paper 
Products 

Test for Tensile Breaking 
Strength of and 
Products : 


IJ. Aportion oF TENTATIVE 
MetHops AS STANDARDS 


Turpentine Test for Grease Re- 
sistance of Paper (D 722 - 
43 T) 

Test for Degree of Staining of 
P: — by Alkalies (D 723 - 

) 


Test for Surface W ettability 
of Paper (Angle-of-Contact 
Method) (D 724 - 43 T) 

Test for Wire and Felt Sides of | 
Paper (D 725 - 43 T | 

Test for Kerosine Number of 
Roofing and Flooring Felts by 
the Vacuum Method (D 727 - 
43 T) 


as tentative, as mentioned earlier in this 
report. 

The five tentative methods being rec- 
ommended for adoption as standard are 
also under the jurisdiction of this sub- 
committee. 

Methods on the following subjects are 
being given consideration by Subcom- 
mittee I: 


Stretch of Paper and Paperboard, 


‘Test for Sulfates and Chlorides in Paper, 


Creasing of Paper for Water Vapor Permeability 
Test, 

Erasing Properties of Paper, 

Fiber Composition of Paper, 

Gloss, 

Lint on Paper, and 

Stiffness of Paper. 


In addition to the above subjects, 
studies are being made which may lead 
to proposed revisions in the Tentative 
Method of Qualitative Examination of 
Mineral Filler and Mineral Coating of 
Paper (D 686 — 43 T) and the Tentative 
Method of Test for Resistance of Paper 
to Passage of Air (D 726 - 43 T). 

Subcommittee I also has developed a 
Method of Test for Smoothness of Paper. 
This is still under consideration and is 
therefore, not being submitted for publi- 
cation as tentative, but is included as an 
Appendix to this report for further in- 
formation and criticism. 

Subcommittee II on Significance of 
Test Methods (C. C. Heritage, chairman) 
prepared the monograph on “‘Paper and 
Paperboard, Characteristics, Nomencla- 
ture, and Significance of Tests” which 
was published during the year. It in- 
cludes a discussion of paper manufacture 
and the nature of paper from the 
chemical standpoint and as a complex 
structure; also the action of water on 
paper and its significance, and a detailed 
discussion of the properties of various 
classes of paper and paperboard. The 
individual tests applied to paper and 
paperboard and their significance are 
also discussed at considerable length in 
this publication, Also included is an 
index and a very complete cross-reference 
list of A.S.T.M. and T.A.P.P.I. methods 
of tests. 

Subcommittee IV on Fiberboard and 
Fiberboard Containers (R. L. Beach, 
chairman) has held no meetings during 
the year. However, it has been active 
and a task group has been appointed to 
work on the possible revision of the 
Tentative Method of Test for Puncture 
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On PAPER AND PAPER PRODUCTS 


and Stiffness of Paperboard, Corrugated 

and Solid Fiberboard (D 781 - 44 T)? 
In addition to this, test procedures 

for the following are under consideration: 


Uncombined Board: 


Ring Tests, 
Tension Tests, 
Thickness Tests, 
Tape Tests. 


Combined Boards: 


Beam Tests, 

Adhesion Tests, 

Surface Moisture Resistance Tests, 
Score Line Tests, 

Scuffing Tests, 

Immersion Tests, and 

Test for Delamination of Plies. 


Set-Up Containers: 


Test for Flap Closures. 


The Advisory Committee held a meet- 
ing on June 27, 1944, at which time 
recommendations were made to set up a 
group to study the advisability of form- 
ing a new subcommittee to handle public 
relations and another group to study a 
possible revision of the By-laws. It was 
also recommended that the activities of 
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Subcommittee II be expanded to include 
the possibility of developing material 
specifications for specific papers. 

During the year, the second issue of 
the compilation of ““A.S.T.M. Standards 
on Paper and Paper Products,” prepared 
by Committee D-6, was published. This 
compilation has been enlarged and now 
contains 42 methods of test, 39 of which 
were prepared by the subcommittees of 
Committee D-6, and 7 specifications on © 
paper products which were prepared by 


other A.S.T.M. committees. 
This report has been submitted to | 
letter ballot of the committee, which 
consists of 56 voting members; 40 mem- 
bers returned their ballots, all of whom | 


have voted affirmatively. he 


Respectfully submitted on behalf of 
the committee, 


L. S. Rem, 

G. H. HARNDEN, 1 
Secretary. 


NOTE 


As indicated in the Summary of Proceedings, p. 8, seven proposed tentatives, 
which are also referred to in the report, were submitted by Committee D-6 and 
accepted by the Administrative Committee on Standards on June 27, 1945. 
The new tentatives appear in the 1945 es to om of A.S.T.M. Stand- 


ards, Part III. 
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APPENDIX 


PROPOSED METHODS OF TEST FOR SMOOTHNESS OF PAPER! 
This is a proposed method and is published as information only. 


5 Comments are solicited and should be addressed to the American 
: a Society for Testing Materials, 260 S. Broad St., Philadelphia 2, Pa. 


1. These methods of test for smooth- 
ness of paper are suitable for all grades of 
paper used for printing purposes except 
made-up corrugated board. Three pro- 
cedures each using different types of ap- 
paratus are included. No constant re- 
lationship exists between test values 
obtained by these several methods. 
The use of any particular one will be 
governed by the specifications of the 

purchase order. 


Metnuop A. BEKK SMOOTHNESS TESTER 
Apparatus 
2. The apparatus shall consist of the 


following: 


(a) Bekk Smoothness Tester.—The 
Bekk smoothness tester shall have the 
following features: 

(1) A circular plane surface having an 
effective area of 10 sq. cm., and a small 
circular aperture in the center. 

(2) A means of applying the circular 
plane against the paper, with a pressure 
of 1 kg. per sq. cm., and drawing room air 
between the paper and the plane surface 
with a vacuum of 380 to 360 mm. of 


mercury. 


(3) A means of passing a known 
volume (10 ml.) of air, controlled by the 
size of the air chamber, between the 
paper surface and the plane surface. 


1 These pro 
of the AST. 
Products. 


d methods are under the jurisdiction 
. Committee .D-6 on Paper and Paper 
Published as information, June, 1945. 
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(4) A means of measuring the volume 
and rate of change in vacuum from 380 
to 360 mm. in passing the air between 


the two surfaces. 
(b) Stop Watch. 


Adjustment and Calibration of Apparatus 


3. (a) Check the instrument fre- 
quently for leakage.. By means of the 
vacuum pump, pull the mercury level 
to 500 mm., turn the stopcock counter- 
clockwise to the “O” position, and let 
the instrument remain in this state for 
at least Shr. If the drop ia the mercury 
column is over 5 mm., tighten the 
gaskets. If air leakage continues, re- 
move the stopcocks and the regulating 
valve pin, clean, and apply a thin film of 
stopcock grease to the polished surfaces. 
Make certain that the nut holding the 
block in place is tight. 

(b) It is particularly important that 
the capillary be kept clean. A jerking 
movement of the mercury column or ad- 
herence of the mercury to the capillary 
sides is an indication that the capillary 
is dirty. Carefully remove the capillary 
and clean by washing it alternately with 
nitric acid and a solution of potassium 
bichromate in sulfuric acid (sp. gr. 1.84). 
Remove all the cleaning solution from 
the capillary with distilled water and 
then rinse, first with alcohol and then 
with ether. Dry the tube thoroughly by 
letting it stand in a warm room or by 
blowing filtered warm air through it. 
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> PROPOSED TESTS FOR SMOOTHNESS OF PAPER 


Before inserting the capillary, it is 
recommended that a layer approximately 
2mm. in height of pure benzy] salicylate 
be poured on top of the mercury. This 
insures steadier movement of the mer- 
cury column. 

(c) Whenever the instrument is not 
being used, protect the polished surface 
block with the dust cap. Keep the sur- 
face of this block and the rubber pad 
clean at all times. Handle the rubber 
pad by the edges to prevent grease from 
finger tips accumulating on surface of 
the pad. If dirt and grease from hand- 
ling have accumulated on the surface of 
the pad, it may be cleaned with carbon 
tetrachloride. When a pad _ becomes 
hard, discard it. 


Test Specimen 


4. The test specimens not less than 2 
by 2 in. shall be cut in such a manner as 
to represent accurately the sample which 
has been selected in accordance with the 
Standard Method of Sampling Paper and 
Paper Products (A.S.T.M. Designation: 
D585)? and conditioned in accordance 
with the Standard Method of Condition- 
ing Paper and Paper Products for Testing 
(A.S.T.M. Designation: D 685).2 Test 
specimens shall be clean and free from 
abnormalities such as watermarks, 
creases, and wrinkles. Mark the wire 
and the felt sides of the paper. 


Procedure 
5. (a) Perform the smoothness meas- 
irements in an atmosphere conditioned 
in accordance with A.S.T.M. Method 
D685. Set the stopcock of the tester to 
position “P.” With gentle strokes of 
the vacuum pump plunger, pull the mer- 
cury column slightly above 380 mm., 
then turn the stopcock counter-clock- 
wise to position “O.” 
(b) Place the side of the specimen to 
be tested on the polished glass disk, then 
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lay the square of soft gum rubber on the 
paper and on top of this center the metal 
pressure disk. Bring the lever down to 
a horizontal position so that the leveling 
screw rests on the bore in the center of 
the metal disk. With the aid of the 
spirit level, and by means of the leveling 
screw, maintain the pressure bar in a 
level position throughout the test. Turn 
the stopcock counter-clockwise to posi- 
tion “M” and with the fine regulating 
vent at the base of the air chamber, by 
a gentle pulling-turning motion, permit 
the mercury column to drop to approxi- 
mately 380 mm. Just before the mer- 
cury column reaches 380 mm., close the 
fine adjustment vent with a firm pushing- 
turning motion, and at the instant the 
380-mm. mark is reached, start the stop 
watch, noting the time required for the 
mercury column to drop from 380 to 
360 mm. This figure represents the 
time necessary for 10 ml. of air to pass 
between the plane surface and that of the 
test specimen. This is a numerical 
measure of the smoothness of the sample. 
Before removing the paper, turn the 
stopcock clockwise back to the “O” 
position. If the time required for the 
20 mm. drop is over 300 sec., turn the 
stopcock clockwise to the 7g position and 
multiply the observed time, for the 20 
mm. drop, by 10. Test at least five spec- 
imens for the wire side and at least five 
specimens for the felt side of the sample. 
Use separate specimens for each test 
since the pressure on the test specimen 
compresses the fibers in the sample. — 


Report 


6. The report shall include the fol- 
lowing: 

(1) Time in seconds for the wire side 
of the specimens, tested, 

(2) The time in seconds for the felt 
side of the specimens, tested, and _ 

(3) Name of the apparatus used. _ 
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Metuop B. S-P-S 

‘TESTER 

Apparatus 

7. The apparatus shall consist of the 
following: 

(a) Gurley- Hill S-P-S  Tester.—The 
Gurley-Hill S-P-S (Softness, Porosity, 
Smoothness) tester shall have the fol- 
lowing features: 

(1) A pair of clamping plates having 
an annular contact area of 1 sq.in. The 
contact surfaces shall be finished flat 
within 0.0001 in. The outside diameter 
of the contact ring shall be approximately 
1.593 in., and the inside diameter shall 
be approximately 1.125 in. The upper 
plate shall be fixed to the outlet of an 
air tube, and the lower plate shall be 
supported at its center upon a rounded- 
head pin. The lower plate shall be ar- 
ranged to press against the upper plate 
with a pressure of 3 lb. when supported 
by a deadweight lever arm. The lever 
arm shall be raised and lowered by a 
cam, for convenience in inserting, clamp- 
ing, and removing test specimens. 

(2) Air pressure for the test shall be 
provided by an inner cylinder having a 
closed top, sliding freely in an outer cyl- 
inder which is partly filled with oil 
(Note) having a viscosity of 60 to 70 sec. 
Saybolt Universal at 100 F. and a flash 
point of not less than 275 F. The air 
shall be conducted to the clamping 
plates through a tube extending above 
the surface of the oil in the outer 
cylinder. 

(3) The outer cylinder shall be approxi- 
mately 10 in. in height, and shall have 
an internal diameter of 3.25 in. It shall 
be equipped with four slender bars, each 
7.5 in. in length, 0.12 in. in width, and 
approximately 0.06 in. in thickness, 
mounted vertically and equidistantly 
on the inner surface of the outer cylinder, 
to act as guide tracks for the movable 
cylinder. 

(4) The movable inner cylinder shall 
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be graduated in units of 50 ml. and shall 
have a total range of 350 ml. It shall be 
10 in. in height, and shall have an ex. 
ternal diameter of 3.00 in. and an internal 
diameter of 2.90 in. It shall weigh 568 
+ 0.5 g. producing an air pressure equal 
to 4.89 in. of water. 

(5) A support shall be provided on the 
outer cylinder to hold the inner cylinder 
in a raised position prior to making a test, 

(b) Punch.—A punch for making a 
hole through the specimens. 

(c) Stop Watch—A stop watch, or 
automatic timing device. 

Note.—A light spindle oil is suitable for this 
purpose. Oil is used in preference to water be- 
cause it does not permit electrolysis of the 
aluminum inner cylinder, and because it does 
not affect the moisture content of the specimen. 
The oil should not contain any essential oil or 


other easily volatile oil, and for that reason a 
minimum flash test is specified. 


Calibration of Apparatus 


8. The apparatus shall be tested for 
instrument air leakage by clamping the 
plates in the normal manner after their 
contact surfaces have been thoroughly 
cleaned. The inner cylinder shall then 
be released so that it floats. The air 
leakage shall not exceed 50 ml. in 4 hr. 


Test Specimen y 


9. (a) The test specimens shall be cut 
from the original sample obtained in 
accordance with the Standard Method of 
Sampling Paper and Paper Products 
(A.S.T.M. Designation: D 585)? and 
conditioned in accordance with the 
Standard Method of Conditioning Paper 
and Paper Products for Testing (AS. 
T.M. Designation: D 685).? 

(b) The test specimens may consist of 
a single sheet folded (Note 1) so as to 
make a pad of eight thicknesses (Note 2), 
not less than 2 by 2 in. nor more than 
10 by 10 in.; or, a larger area of paper 
may be included in the test by using 
eight separate sheets taken from different 
portions of the roll or skid. In the latter 
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PRroposeD TESTS FOR SMOOTHNESS OF PAPER : 


case, the sheets shall be interleaved so 
that the felt and wire sides are placed 
in contact with each other. 


Note 1.—The use of a single folded sheet is 
recommended only in the case of paper which 
can be sharply creased. Thick or stiff paper will 
tend to hold the individual sheets apart, due to 
the resistance to creasing. Likewise, the use of 
specimens of a size over 10 by 10 in. will overhang 
the lower test plate and be partly supported by 
the table or bench on which the instrument is 
placed. Samples of unusual weight will de- 
crease the actual clamping pressure. 

Note 2.—In the case of extremely low or 
high smoothnesses, it may be convenient to use 
asmaller or larger number of thicknesses in the 
pad, but in the usual range of paper, eight ply 
will provide convenient readings. 


Procedure 


10. (a) Test not less than five sets of 
conditioned test specimens in the stand- 
ard atmosphere prescribed in A.S.T.M. 
Method D 685. 

(b) Place the apparatus on a level sur- 
face so that the cylinders are vertical. 
Fill the outer cylinder with oil to a depth 
of approximately 5 in., as indicated by 
aring marked on the inner surface of 
the cylinder. 

(c) Fold, or interleave, the test speci- 
men as described in Section 9(6). Insert 
itin the punch in the base of the appara- 
tus, and punch a hole through it. 

d) Raise the inner cylinder until it 
restson the support. Insert the punched 
specimen between the clamping plates. 
Raise the lower clamping plate by means 
of the capstan screw until the clamping 
action depresses the lower plate suffi- 
ciently to cause the lever arm to rise free 
of its cam. Release the lever arm by 
means of the handle which actuates the 
lifting cam. The specimen is now 
camped for test under a deadweight of 

(e) Lower the inner cylinder gently 
intil it floats in the oil. 

f) When a steady downward move- 
ment has been reached, measure the 
interval of time by a stop watch or other 
lming device, for any two graduations 


to pass the rim of the outer cylinder, 
providing that not less than 5 sec. elapse 
between the passing of any two consecu- 
tive graduations. 

(g) Precautions should be taken to 
avoid subjecting the apparatus to vibra- 
tion as this would increase the rate of 
air displacement. 


Report 


11. The report shall include the fol- 
lowing: 

(1) Number of seconds required for 
the displacement of 50 ml. of air, or 
Gurley-Hill S-P-S seconds, 

(2) Area of the test specimen over 
which the air was displaced, and 


(3) Name of the apparatus used. _ 


WILLIAMS SMOOTHNESS 
TESTER 


Metuop C. 


Apparatus 


12. The apparatus shall consist of the 
following: 

(a) Williams Smoothness Tester.—The 
Williams smoothness tester shall have 
the following features: 

(J) A specimen holder comprised of 
an upper and lower jaw with soft-rub- 
ber facings, the lower jaw being an an- 
nular ring 2-in. in outside diameter and 
with a hole in the center 1 in. in diameter. 

(2) A means of applying a known 
pressure to this area of 30 psi. 

(3) A means of passing a known vol- 
ume (25 ml.) of air, between the two sur- 
faces of the specimen to be tested. The 
air supply is obtained by forcing a 
cylinder, open at lower end, down to a 
fixed step into a reservoir of mercury. 
The enclosed air is conducted to the 
specimen by means of a pipe entering the 
movable cylinder. The movable cylin- 
der is provided with a friction ring which 
holds it in position when it has been 
forced down to its lowest point. 

(b) Stop Clock..-An automatic elec- 
tric stop clock to measure the rate of air 
passing between the two surfaces of the 
specimen. The depression of the mov- 
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able tube not only measures a definite 
quantity of air at a definite pressure, but 
also elevates the surface of the mercury 
in the surrounding cistern up to and be- 
yond an electric contact point. The 
mercury upon reaching the contact point 
starts the electric stop clock. As the 
air pressure is relieved, the level of the 
mercury gradually falls until it comes 
below the contact point which breaks the 
circuit, stopping the electric clock. The 
timing of the test is automatic and inde- 
pendent of personal observation. 


Adjustment and Calibration of Apparatus 


13. (a) This apparatus is provided 
with a standard stainless steel plate hav- 
ing an accurate and fixed rate of air 
escapement. 

(6) To standardize the apparatus, it is 
only necessary to repeat the test for 
paper, using the standard stainless steel 
test plate instead of the paper specimen. 

(c) An average of ten tests showing 
both maximum and minimum readings 
should be taken for the standardization 
test. 


Test Specimen 


14. (a) The sample of paper shall be 
selected in accordance with the Standard 
Method of Sampling Paper and Paper 
Products (A.S.T.M. Designation: D 585),? 
and conditioned in accordance with the 
Standard Method of Conditioning Paper 
and Paper Products for Testing (A.S. 
T.M. Designation: D 685).? 

(b) The test specimens shall be cut 
from the sample and shall be clean and 
free from abnormalities such as water- 
marks, creases, and wrinkles. Any con- 
venient size of specimen may be used 
and, as the clamping jaws are open in 
front, the folded specimen may be of any 
reasonable length or shape. _ 

Procedure 


15. (a) Raise the movable column to 
its highest point. See that the electric 
stop clock is set at zero. Insert the 
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folded specimen perforated in the center, 
between the rubber-faced clamping 
plates. Screw down the clamp above 
the pressure gage until a pressure of 30 
psi. is reached. Force down the moy- 
able column to the fixed stopping point, 
This operation starts the clock. The 
test requires no further attention as the 
clock automatically stops at the comple- 
tion of the test. 

(b) Other volumes of air may be used 
by merely raising or lowering the height 
of the electric contact point. The clamp- 
ing pressure may also be varied as indi- 
cated upon the pressure gage by manipu- 
lation of the clamping screw directly 
above the gage. 

(c) Several modifications of _ this 
method are possible under controlled 
conditions, to increase or decrease the 
reading range on different types of paper. 
For example, the use of a test specimen 
folded upon itself, doubles the tested area 
and therefore, represents a better average 
of the surface conditions of the sample. 
It also reduces the testing time to prac- 
tically one-half. ‘This method is recom- 
mended for smooth papers giving a 
smoothness reading of several hundred 
seconds. On the other hand, compara- 
tively rough papers will give a compara- 
tively short reading time of only a few 
seconds. In such cases, the reading 
time or scale may be increased by 
pressing one surface of the specimen only, 
against a plate-glass disk. In any 
event, in order to obtain comparable 
results, working conditions shall be 
uniform. 


Report 


16. The report shall include the fol- 
lowing: 

(1) Values for the wire side and the 
felt side of the test specimen in terms of 
the time in seconds required for the 
passing of 25 ml. of air under a pressure 
of 30 psi. 

(2) Name of the apparatus used. 
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Committee D-7 on Wood held a well- 
attended meeting at New York, N. Y., 


4 on June 27, 1944, in conjunction with 
di- the Annual Meeting of the Society, and 
~ a meeting at Chicago, IIl., on April 11, 
tly 1945. It has been evident that there 
: has been throughout the year an increas- 
this ing interest in the activities of the com- 
lled mittee. 
the Because of the development of new 
. products and materials from wood, much 
mae consideration has been given to the re- 
on organization of Committee D-7 to 
rage broaden its scope and functions, result- 
ple. ing in a change in the title of the com- 
-_ mittee from Committee D-7 on Timber 
nl to read Committee D-7 on Wood, and 
ss the broadening of the scope to include 
dred activities on a variety of new subjects 
ara- and materials. Concurrent with these 
ara- revisions has been the establishment of a 
few revised subcommittee structure as fol- 
ding lows: 
nl Subcommittee I on Specifications for T imber 
only; Subcommittee II on Laminated Timber 
any Subcommittee III on Plywood 
rable Subcommittee IV on Wooden Paving Blocks 
| be Subcommittee V on Methods of Preservative 
Treatment of Timber 
Subcommittee VI on Timber Preservatives 
ae Subcommittee VIII on Modified Wood and 
Wood-Base Materials 
e fol- Subcommittee IX on Methods of Testing 
Subcommittee X on Nomenclature and Defi- 
nitions 
d the Subcommittee XI on Moisture Content of 
ms of Timber 
r the Subcommittee XII on Fire-Retardant Wood 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 


Plans are under way to enlarge the 
membership of Committee D-7 in con- 
formity with the broadened scope and 
diversity of its activities. =e ar 

RECOMMENDATIONS AFFECTING 


STANDARDS 


The committee is submitting revisions! 
in the Tentative Methods of Testing 
Plywood, Veneer, and Other Wood and 
Wood-Base Materials (D 805 — 44 T). 

This recommendation has been sub- 
mitted to letter ballot of the commit- 
tee which consists of 32 members, with 
the results shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


N 

irm-| Nega- |Mar 

Items ative | tive “Not 

Voting”’ 

I. REVISION OF TENTATIVE 

Testing Veneer, Plywood, and " 
Other Wood and Wood-Base -§ 
Materials (D 805-44T).......| 28 0 0 P 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Specifications for 
Timber (L. J. Markwardt, chairman).— 
No changes have been made or recom- 
mended in the current Standard Speci- 
fications for Structural Wood Joist and 
Plank, Beams and Stringers, and Posts 
and Timbers (D 245-37), although 


1 These revised methods were accep 
and appear in the 1945 Supplement to 


ted by the ead 
Standards, Part II. 


sed 
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these specifications will be considered 
for revision in the post-war period. 
Such revisions as may be contemplated 
are intimately associated with the 
question of increased working stresses 
which are under close analysis at 
the present time. Further revisions 
will embody also consideration of grade 
requirements for timbers subjected to 
tension stresses as in the lower chord of 
truss members. 

Subcommittee V on Methods of Pre- 
servative Treatment of Timber (A. L. 
Kuehn, chairman).—Suggestions are 
being requested regarding further work 
which the subcommittee should under- 
take on the preservative treatment of 
timber, and it is contemplated that con- 
siderable progress will be made during the 
coming year. 

Subcommittee VI on Timber Preserva- 
lives (C. S. Reeve, chairman).—Sub- 
committee VI has been enlarged in 
order to be more representative of the 
industry and to be better prepared to 
consider the expanded field of new pre- 
servatives and methods of testing. No 
immediate revisions are contemplated 
in the following standards which have 
stood for 6 years or more without re- 
vision: 


Standard Methods of:* 


Sampling and Testing Cresote (D 38 — 33), 

Test for Coke Residue of Creosote (D 168 — 30), 

Chemical Analysis of Zinc Chloride (D 199 — 27), 

Test for Insoluble Matter in Creosote (D 367 - 
33), 

Test for Specific Gravity of Creosote (D 368 - 
33), 

Test for Specific Gravity, 38/15.5 C., of Creo- 
sote Fractions (D 369 — 33), 

Test for Water in Creosote (D 370 — 33), 

Specifications for Creosote (D 390-36), and 

Volume and Specific Gravity Correction Tables 
for Creosote and Coal Tar (D 347 - 33). 


Subcommitlee IX on Methods of Testing 
(L. J. Markwardt, chairman).—This 


2 1944 Book of A.S.T.M. Standards, Part II. 


‘ 
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subcommittee prepared the Tentative 
Methods of Testing Veneer, Plywood, 
and Other Wood and Wood-Base Mate- 
rials (D 805 - 44 T) which were 
accepted’? by Committee E-10 on Stand- 
ards on August 28, 1944, on the recom- 
mendation of Committee D-7 and ap- 
pear in the 1944 Book of A.S.T.M, 
Standards, Part II, having first been 
published as information with the 1944 
report of the committee. These teyta- 
tive methods cover procedures for de- 
termining the following properties of 
veneer, plywood, and other wood and 
wood-base materials: compression, static 
bending, tension, Forest Products Lab- 
oratory panel shear, FPL plate shear, 
toughness, hardness, moisture content, 
and specific gravity, 
Revisions are now being recommended 
in Tentative Mcthods D 805, which in- 
clude seme additional procedures for 
conducting plywood glue shear strength 
tests and moisture absorption tests‘ 
Under preparation during the year 
also has been a revision of the Standard 
Methods of Testing Small Clear Speci- 
mens of Timber (D 143-27). The re- 
vision will include modification and clari- 
fication of the sampling procedure, 
revision of the tension-parallel-to-grain 
test method, and enlargement to include 
some additional tests. It is hoped that 
the proposed revision can be submitted 
to the Society during the current year. 
Subcommittee X on Nomenclature and 
Definitions (C. J. Hogue, chairman).— 
After careful consideration, the follow- 
ing definition of brashness has been pre- 
pared and is being considered for incor- 
poration in the Standard Definitions of 
Terms Relating to Timber (D 9-30)? 


3In submitting this recommendation to Committee 
E-10 on Standards, Committee D-7 reported results of the 
letter ballot vote as follows: Of a total membership of 30 
30 members returned their ballots, of whom 27 voted 
affirmatively, 0 negatively, and 3 members marked their 
ballots ‘‘not voting.” 

4 See Editorial Note, p. 268, 
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_ Brashness.—A characteristic or a condition 
that causes some pieces of wood to be relatively 
low in shock resistance, and when broken in 
flexure, to fail abruptly without splintering and 
at comparatively small deflection. 


Standard Definitions D 9 were re- 
viewed by the subcommittee, and the 
following revised list of species names 
is being considered to replace the list 
appearing in the present definitions: 
STANDARD NAMES FOR STRUCTURAL TIMBERS 


Forest. Service Standard 
Na Botanical Name 


Cedars 


Alaska Yellow Cedar .Chamaecyparis nootkatensis 
Atlantic White Cedar.......Chamaecyparis thyoides 
Northern White Cedar......Thuja occidentalis “ 

Port Orford White Cedar....Chamaecyparis lawsoniana 
Western Red Cedar........ Thuja plicata 


Cypress 


..Taxodium distichum 


Bald Cypress (coast type). 
type)..Taxodium distichum 


Bald Cypress (inlan 


Douglas Fir 


Douglas Fir (coast type)... . .Pseudotsuga taxifolia 
Douglas Fir (intermountain 
Pseudotsuga taxifolia 


.Pseudotsuga taxifolia 
The True Firs 
Balsam Fir .Abies balsamea 


Commercial White Fir: 


California Red Fir......Abies magnifica 


Abies grandis 
Noble Fir............... Abies procera 
Pacific Silver Fir........ Abies amabilis 
White Fir............... Abies concolor 


Hemlocks 


Carolina Hemlock..: ....Tsuga caroliniana 
Eastern Hemlock............Tsuga canadensis 
Western Hemlock........... Tsuga heterophylla 


Larch (See also Tamarack) 


Western Larch.............. Larix occidentalis 


Pines 


Eastern White Pine... . 
Ponderosa Pine 
Western White Pine 
Southern Pine: 
Longleaf Pine.......... 
Shortleaf Pine......... 


...Pinus strobus 
Pinus resinosa 

Pinus lambertiana 

Pinus monticola 


Pinus palustris 
Pinus echinata 


Loblolly Pine........... Pinus taeda 
Pinus rigida 
SS Pinus rigida var. serotina 
Redwood 
Redwood 


Sequoia sempervirens 


- Method of Test for Moisture Content 


"prepared by Mr. Dunlap, is appended to 
report. 


has been made in the chairman’s labo- 


-ressed to where it is ready for a final 
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 Spruces 
Black Spruce........... .. Picea mariana 
Picea pungens » 
Picea rubens 


Sitka Spruce........... ....-Picea sitchensis 
WME Picea canadensis 


Tamarack (See also Larch) 


Subcommittee XI on Moisture Content 
of Timber (M. E. Dunlap, chairman).— 
During the year the subcommittee had 
in preparation a proposed Tentative 


_of Wood, which includes the use of various 
types of moisture meters that have been 
developed over the past several years. 
Since all moisture meters are subject to 
certain limitations and errors, the prob- 
lem of establishing tentative methods of 
moisture determination has been com- 
plicated. A brief summary of the vari- 
ous methods of determining the mois- 
ture content of wood, which has been 


Subcommittee XII on Fire-Retardant 
Wood (W. H. Fulweiler, chairman).— 
This subcommittee has not met since 
its organization meeting in Chicago, IIL., 
in 1944, since there was not sufficient 
new information available to justify 
calling a meeting. The subcommittee 
has not been able to make as much 
progress as was anticipated on the study 
of the factors operating with the differ- 
ent types of tests, as outlined at its first 
meeting. 

A considerable amount of information 
has been gathered, however, regarding 
the effect of moisture on the test results 
and the effect of methods of condition- 
ing and methods for the determination 
of moisture content, and some study 


ratory on methods of controlling the 
amount of gas used in the test flame. 
None of this work, however, has prog- 
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report, but some recommendations have _ returned their ballots, of whom 27 have 
been made informally to the chairman voted affirmatively, and 0 negatively. 
for transmission to Committee C-5 on 


Fire Tests of Materials and Construc- Respectfully submitted on behalf of 
tion. the committee, 
HERMANN VON SCHRENK, 
This report has been ‘submitted to Chairman, 
letter ballot of the committee which L. J. MARKWARDT, _ 
consists of 32 members; 28 members Secretary. a i" 


4 
EDITORIAL NOTE _ Vo 


Subsequent to the Annual Meeting, Committee D-7 recommended to the 
Administrative Committee on Standards that the Tentative Methods of 
Testing Veneer, Plywood, and Other Wood and Wood-Base Materials (D 
805 — 44 T) be revised as covered in the report. This recommendation was 
accepted by the Standards Committee on August 14, 1945, and the revised 
tentative appears in the 1945 Supplement to Book of A.S.T.M. Standards, 
Part H, bearing the designation D 805 — 45 T. 
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APPENDIX 


METHODS USED FOR THE MEASUREMENT OF THE MOISTURE 
CONTENT OF WOOD 


By M. E. Duntap! 


Subcommittee XI on Moisture Content of Timber has under development 
tentative methods covering the various procedures for determining the 
moisture content of wood, with special consideration to the newer rapid — 
procedures involving the use of clectric meters. 

Pending the development and completion of these tentative methods 
by the subcommittee, Mr. Dunlap as chairman has prepared a report sum- _ 
marizing the entire field of moisture content determination for wood, which 
is herewith presented as information as an appendix to the report of 


Committee D-7. 


L. J. MARKWARDT, Secretary 


Moisture content measurements are 
made in a variety of ways. For scien- 
tific, experimental, and more or less basic 
measurements, oven drying is depended 
upon where the wood contains little or no 
volatile oil that would be given off and 
measured as water when heated. Where 
volatile oils are present, either in the 
natural state or added by impregnation, 
a d'stillation method is used in which 
the wood sample is placed in a liquid 
such as xylol or kerosine and heated. 
The moisture is distilled from the sample 
and collected ina measuring tube. Elec- 
trical methods have come into cxtensive 
use in commercial control work in the 
manufacture and processing of lumber 
ind make use of such electrical properties 
is electrical resistance, capacity, and 
radio-frequency power loss. Little used 
but nevertheless acceptable methods 


Timgtairman, Subcommittee Content ot 
mber, of Committee D-7 on W 
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consist of the measurement of relative © 
humidities which develop adjacent to a — 
wood sample, or by a gas produced in a 
chemical reaction which removes water 
from the sample and causes a rise in 
pressure in an enclosure or a loss in 
weight by release of the gas. Paper 
treated with cobalt chloride indicates 
by color the approximate relative humid- 
ity conditions surrounding it. 


OvEN-Dryinc METHOD 


Where a high degree of accuracy is 
required, the oven-drying test is used — 
to determine moisture content when the 
wood contains no important amount of 
natural oils or is not impregnated with 
oils that would be lost upon oven drying. 
The method is carried out by heating 
the wood in a controlled-temperature 
oven near the boiling point of water 
(100 to 105 C.) until no further loss in 
weight occurs. The loss in moisture by 


me 

| 
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weight, divided by the oven-dry weight 
and multiplied by 100 is the percentage 
of moisture in the wood represented by 
the sample. In some industries, notably 
the paper and pulp, moisture content is 
expressed on the basis of the original 
weight rather than the oven-dry weight. 
The test is relied upon in experimental 
work, in the control of seasoning proc- 
esses, and in fabrication of wood prod- 
ucts, although its use has not been as 
extensive for the latter since electrical 
meters have been in use. The test 
should be carried out with scales of 
appropriate accuracy and under con- 
trolled conditions to insure accurate 
results. 


DISTILLATION METHOD 


When wood contains volatile oils, 


either natural or such injected ones as 


wood preservatives, and the moisture 
content is required to be known, it may 
be obtained by boiling a wood sample 


jn a suitable liquid and collecting the 


4 


water distilled from it in a measuring 
tube. This method is known as the 
xylol, miscible, or volatile-solvents 
‘method. The latter is not a good title 


_ because there is no solvent action so far 
water is concerned. 
merely transfers the heat to the wood 
samples and controls the temperature 


The fluid used 


when operating at its boiling point. 
In general, the process is carried out 


- by heating a sample of wood, which is 
usually broken or split into rather small 
- pieces and placed with the fluid to be 


used in a flask or kettle of a closed 
system. The water is then distilled 
from the wood, reduced to liquid water 
in a condenser, and collected in a receiv- 
ing tube which is generally graduated for 
direct reading. Other products collect- 
ing as distillates are readily distinguished 
from the water in the receiving tube. 
The process can usually be carried out 
in about two hours or less if extreme 


accuracy is not demanded. The method 
requires special equipment and it can be 
set up in multiple so that the operator 
can make a number of tests simulta- 
neously. 

Some of the fluids used are highly 
inflammable, and special care must be 
taken while using them. 

A modification of this method has been 
worked out wherein the samples are 
placed in an oven in tight containers 
with tubes connecting to condensers 
outside the oven which have calibrated 
receivers attached. A return tube is 
taken off above the receiver and taken 
back to the cylinder to induce circulation 
and vapor movement through the sys- 
tem toward the receiving tube. It is 
believed that no extensive use has been 
made of this method. hi 


ELECTRICAL METHODS 


Since 1930, electrical moisture meters 
have appeared on the market which are 
designed for the control of moisture in 
the manufacture of and processing of 
wood products. At least six manu- 
facturers now make a variety of instru- 
ments based in principle on the electrical 
resistance of wood and the effect of wood 
and moisture on the electrical properties 
of a circuit when wood is placed in an 
electric field produced by the instrument. 
These instruments have been steadily 
improved and are now widely used in 
many of the wood-using industries. 


Resistance Type: 


The electrical resistance of wood 
varies inversely as the moisture content. 
In other words, as the moisture content 
of the wood decreases the resistance 
increases, and as the moisture content 
increases the resistance decreases. This 
enables one to evaluate the moisture 
content of wood by measuring the elec- 
trical resistance. The change in resist- 
ance with removal of the free water in 
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wood is rather small, while removal of the 
hygroscopic water causes a great change. 
Hence, the evaluation of moisture con- 
tent by measuring the resistance at 
moisture content values greater than the 
fiber-saturation point cannot be expected 
to be as accurate as the evaluation of 
moisture content at values less than the 
fiber-saturation point. The resistance 
of wood, however, becomes so great at 
values less than about 5 per cent mois- 
ture content that it is impractical to 
attempt the evaluation of moisture 
content by resistance methods with the 
ordinary portable apparatus. 

The density of wood does not greatly 
affect the resistance of the wood, and 
errors resulting from variation in density 
are not important. There are, however, 
inherent differences in the specific re- 
sistance between species. Fortunately, 
reasonably accurate corrections can be 
made rather easily for species variations, 
and makers of the resistance type of 
moisture meters usually furnish cor- 
rection data with their instruments. 

Electrical contact is generally made by 
driving needle points into the wood so 
that the flow of current is parallel to the 
grain. The points are usually mounted 
in a block of insulating material and 
arranged so that they can be readily 
driven into the wood and withdrawn 
again after testing. Contact may also 
be made by clamping surface plates to 
opposite faces of the wood. ‘The latter 
method is applicable to veneers, plywood, 
or solid wood known to be uniform in 
moisture content. 

A study of moisture gradients in dry- 
ing boards and planks has shown that, 
after the entire piece has passed the 
fiber-saturation point, the moisture con- 
tent in a plane located at one fifth of the 
thickness of the material from its surface 
is usually very near the average moisture 
content of the piece. When a needle- 
point type of electrode is used in wood 
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containing a drying gradient, the mois- 
ture meter indicates the moisture con- 
tent at or near the points of the needles 
since the wood becomes a better con-— 
ductor as the moisture content increases. _ 
It is thus possible to estimate the average | 
moisture content by driving the needles 
to a depth of one fifth the thickness of 
the piece. Further, it is possible by 
driving electrodes to any desired depth 
to evaluate the moisture content at that 
particular distance from the surface as | 
long as a drying gradient is present. “ 

Failure to consider the moisture gra- 
dient may result in serious error in using 
the needle-point type of resistance mois- 
ture meter. Any uneven moisture dis- 
tribution may be an important source of 
error. Thus the condition of the surface 
of the lumber often plays an important 
part in readings. During periods of high 
relative humidity, and particularly dur- 
ing foggy weather, the surface of the 
wood attains a high moisture content 
and may even be damp, thereby causing 
undue errors in the moisture-meter 
readings. Under such conditions, sam- 
ples should be taken indoors and allowed 
to dry off before measurements are made. 

The temperature of the wood must 
also be considered in readings of mois- 
ture content made with a resistance 
type of moisture meter, since the resist- 
ance of the wood increases with a falling 
temperature and decreases with a rising 
temperature. As with variations be- 
tween species, reasonably accurate cor- 
rections for temperature may be easily 
made, and makers usually provide cor- 
rection data with their instruments. 
In extreme cases, the temperature-cor- 
rection factor may be as much as 5 or 6 
per cent. 

Electronic tubes have made it pos- 
sible to include moisture contents of 
from 5 to 120 per cent in a single instru- 
ment, although most of the instruments 
available cover a range of from 7 or 8 
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per cent to 24 or 25 per cent moisture 
content. 

The vacuum-tube voltmeter circuit 
serves as a basis for most of the resist- 
ance-type meters available to wood- 
workers. Two pairs of needles are driven 
into the wood, and the resistance be- 
tween them is measured by comparing 
it to a known resistance or by connecting 
it directly into the grid circuit of the 
meter so that a definite amount of cur- 
rent flows in the plate circuit. In one 
instance, the plate voltage is increased 
until a neon tube is discharged. The 
setting of the dial indicates the moisture 
content directly. Another type, no 
longer available, indicated the moisture 
content by comparing the frequency of 
the breakdown of a neon tube in a 
circuit comprising a battery of above 180 
v. and a resistance and a variable capac- 
itor. By introducing different capacitors 
into the circuit, a measurement of 
resistance and moisture content could be 
obtained. A German instrument uses 
a neon tube as an indicator, a set of four 
capacitors, and a 500-v. hand generator. 
The number of turns required to build 
up the voltage potential to the break- 
down voltage of the neon tube is used 
as an indication of the moisture content 
of the wood. The greater the leakage 
of current through the wood becomes, 
the fewer turns of the generator it will 
take to reach the breakdown voltage. 
This instrument was available in the 
United States prior to the war. A Swiss 
instrument consists of a hand generator, 
a capacitor, and an electrostatic volt- 
meter which draws no current. The 


voltage is built up in the capacitor to a 


definite amount, whereupon the gen- 


erator is completely disconnected and 


the time required for the capacitor to 
discharge through the contact points 
driven into the wood is taken as an 
indication of the resistance of the wood 
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Capacity Type: 


The effect of wood as a dielectric ina 
condenser depends upon the amount of 
moisture in the wood. Therefore, the 
moisture content may be evaluated by 
the effect of wood and moisture on the 
electrical properties of a condenser, 
Temperature effects are so small as to be 
negligible for ordinary use, and there are 
no known errors introduced into read- 
ings by variations in properties inherent 
among different species except specific 
gravity. Capacity is directly propor- 
tional to dielectric constant, and there- 
fore is a function of* specific gravity. 
The specific gravity cannot be deter- 
mined quickly enough by any method 
now available and hence it is present 
practice to assume the specific grav- 
ity of the individual piece when dry to 
be the same as the average for the species 
and to calibrate the moisture meter 
accordingly. Each reading on a meter 
so calibrated, therefore, carries an error 
proportional to the actual error in the 
assumed specific gravity of the piece. 
Since the readings are affected greatly 
by the specific gravity, only in running 
material of extremely uniform specific 
gravity can the individual readings be 
depended upon to give reliable moisture 
content values. Averages of a number 
of readings, however, are more reliable 
because they include a number of sam- 
ples varying in density. 

Several specific forms of condenser 
plates have been developed for obtaining 
measurements on wood. One form con- 
sists of two suitably insulated plates 
that are placed on opposite faces of the 
piece under test. In another form, two 
or more plates are assembled in the 
shape of a flat, circular disk severa! 
inches in diameter; in use, this assembly 
of plates is pressed against one surface 
of the piece under test. 

Meters using condensers with plates 
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on opposite sides of the piece under test 
evaluate the total quantity of water in 
the wood irrespective of the moisture 
gradient, and the readings, therefore, 
are inherently true averages. Moisture 
gradients may well affect the readings 
of meters using condenser plates on only 
one side of the piece under test. It is 
not, however, feasible actually to deter- 
mine moisture gradients or to measure 
the moisture content at various depths 
with any capacity meter. 

The condition of the surface of the 
lumber also affects the readings of the 
capacity-type moisture meters. Smooth 
surfaces permit better contact with the 
condenser plates and accordingly give 
higher readings than rough surfaces. 
From the statements of the preceding 
paragraph, it follows that excessive 
surface moisture of lumber, such as is 
found during foggy or very damp 
weather, may have a serious effect on the 
readings taken with meters using con- 
denser plates on one side of the piece. 


Radio-Frequency Power-Loss Type: 


Power absorbed by wood from a high- 
frequency alternating electric field is 
proportional to the product of the dielec- 
tric constant and the power factor of 
the wood. Both power factor and 
dielectric constant depend upon the 
amount of moisture in the wood. The 
exact effect of such factors as tempera- 
ture, wood structure, resins, and soluble 
extractives on radio-frequency power 
loss is not known but is probably small. 
Specific gravity effects the dielectric 
constant; its relation to the power factor 
isnot well established. Power loss also 
varies with species. 

The radio-frequency power-loss mois- 
ture meter available is accompanied by a 
alibration for a number of commercial 
species. If specific gravities occur that 
are different from the one used as a 
calibration basis, the moisture content 


determined by the radio-frequency 
power-loss meter contains an error pro- 
portional to this difference. 

The electrodes of this meter are four 
quadrants assembled into a circular disk 
but insulated from each other by an air 
space. An electrode comprising a disk 
with a concentric ring separated by a 
dielectric material has also been used. 
To measure the moisture content of a 
sample of wood, the electrodes are 
pressed firmly against the wood surface. 
The power loss in the wood, converted 
to moisture content, is indicated by the 
position of the needle of a galvanometer. 
The instrument dial is provided with 
two scales, one carries values for Doug- 
las-fir and the other is arbitrary. The 
moisture content of a certain species 
can be obtained from the calibration 
tables by reading the moisture content 
opposite the reading indicated on the 
arbitrary scale. 


MoisturE CONTENT INDICATION BY 
RELATIVE HuMIDITY 
MEASUREMENTS 


Because of the relationship that exists 
between relative humidity and the 
moisture content of hygroscopic sub- 
stances in more or less confined spaces, 
their moisture content may be estimated 
by measuring the relative humidity in 
contact with the material. An instru- 
ment known as the duff hygrometer was 
designed to measure the moisture con- 
tent of duff and closely packed debris 
on the floor of the forest as an indication 
of fire danger. In this case the per- 
forated spike containing a hygroscopic 
element is inserted in the litter and is 
left there continuously. The rattan 
element changes in moisture content and 
length as that of the material about it 
varies, and in this way the moisture 
content reading may be determined at 
any time or a continuous record made. 

Another instrument working on the 
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same principle, known as the wood 
_ hygrometer, has been applied to wood. 
In this case a hole was drilled in the 
wood and the instrument inserted in 
such a way that communication with 
the outside atmosphere was entirely shut 
off. The moisture liberated from the 
surfaces of the drilled hole quickly 
humidifies the enclosed space to a degree 
dependent upon the moisture content 
of the wood. The moisture content 
of the wood is determined by the height 
of a mercury column, to which is at- 
tached a bulb of goldbeaters skin con- 
taining the mercury. The humidity in 
the enclosed space causes the goldbeaters 
skin to shrink or swell, producing a rise 
or fall of the mercury in the glass capil- 
lary tube. The instrument is calibrated 
directly in moisture content. It was 
never developed commercially because 
of shipping difficulties. Two  instru- 
ments operating on the same principles 
as the wood hygrometer were produced in 
Germany. One was equipped with a 
spike about 5 or 6 in. long containing a 
hygroscopic element (probably _ hair) 
connected to a pointer of a dial. 
Another instrument made use of a 
color-matching device. A narrow strip 
of paper treated with cobalt chloride 
was inserted in a deep drilled hole in the 
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lumber. After a definite period of time 
the strip of paper was withdrawn from 
the wood into a glass receiving tube and 
the color compared to a set of color 
standards. The color of the treated 
paper changes from a deep blue at low 
moisture content to a moderately bright 
shade of pink at 18 or 20 per cent mois- 
ture content. 


CHEMICAL METHODS’ 


When calcium carbide and water 
vapor are combined, acetylene gas is 
formed. This property has been made 
use of for measuring the moisture con- 
tent of hay rapidly. In one case the 
hay is placed in a tight receptacle to- 
gether with a separate container con- 
taining calcium carbide. After the ves- 
sel is closed the calcium carbide is 
released and the water in the material 
combines with the calcium carbide to 
form acetylene gas. The pressure pro- 
duced after a given time is taken as an 
indication of moisture content. 

A modification of the method is to 
mix calcium carbide with the material 
to be tested in a vessel so arranged that 
the evolved acetylene gas is discharged. 
The loss in weight is taken as an indica- 
tion of the amount of moisture con- 
tained in the sample. 
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ON 
ELECTRICAL INSULATING MATERIALS* 


Committee D-9 on Electrical Insulat- 
ing Materials held three meetings during 
the past year. Two of these meetings 
were held in Atlantic City, N. J., on 
October 24 and 25, 1944, and on March 
13, 14, and 15, 1945. A third meeting 
was held in New York, N. Y., on June 
19 and 20, 1945. 

At these meetings actions were taken 
which resulted in a proposed new tenta- 
tive method, revisions in existing stand- 
ards, and other changes in some of the 
standards for which Committee D-9 is 
responsible. Projects which are still 
under way are mentioned later in this 
report. 

The Advisory Committee held a joint 
meeting with the Advisory Committee 
of Committee D-20 on Plastics in Phila- 
delphia, Pa., in December, 1944. 


RECOMMENDATIONS ACCEPTED BY COM- 
MITTEE E-10 ON STANDARDS 


Subsequent to the 1944 Annual Meet- 
ing, Committee D-9 presented to the 
Society, through Committee E-10 on 
Standards, the following recommenda- 
tions: 


Emergency S pecifications for: 


Communication and Signal Pin-Type Lime- 
Glass Insulators (ES — 41), 


Revision of Tentative Specifications for: 


laminated Thermosetting Materials (D 709 - 
43T), recommended jointly by Committee 
D-9 and Committee D-20 on Plastics, 

Flexible Varnished Tubing Used in Electrical 
Insulation (D 372 - 40 T), 


* Presented at Resty-ighth Annual Meeting of the 
27, 194 


Black Bias-Cut Varnished Cloth Tape Used for 
Electrical Insulation (D 373 - 39 T), 


Revision of Tentative Methods of: 


Test for Power Factor and Dielectric Constant 
of Electrical Insulating Materials (D 150- 
44 T), 

Testing Varnished Cloths and Varnished Cloth 
Tapes Used in Electrical Insulation (D 295 - 
43 T), 


Tentative Revision. of Standard Methods of: 


» 


Testing Flexible Varnished Tubing Used for — » 


Electrical Insulation (D 350 - 43), and 


Testing Sheet and Plate Materials Used in % 


Electrical Insulation (D 229 — 43). 


The emergency standard was accepted 
by Committee E-10 on August 28, 1944, 
the revision of Tentative Specifications 
D 709 was accepted! on December 11, 
1944, and the remainder of the recom- 
mendations on December 22, 1944. The 
emergency specifications, the revised 
tentatives, and the tentative revisions 
appear in the 1944 Book of A.S.T.M. 
Standards, Part III. 


On January 9, 1945, the Standards © 


Committee accepted! the joint recom- 


mendation of Committee D-9 and Com- © 


mittee D-20 on Plastics that the Tenta- 
tive Methods of Conditioning Plastics 
and Electrical Insulating Materials for 


1 In submitting these recommendations to Committee 
E-10 on Standards, Committee D-9 reported the following 
results of the letter ballot vote of a total of 60 ballots 
returned from a committee membership of 111: D 709, 
affirmative 28, negative 0, ballots marked ‘‘not voting’’ 
32; D 372 and D 373, affirmative 20, negative 0, ballots 
marked “‘not voting” 40;D1 150, affirmative 40, negative 0, 
ballots marked “‘not voting’ 20; D 295, affirmative 23, 
negative 0, ballots marked “‘not voting”’ 37; D 350, affirma- 
tive 21, negative 1, ballots marked ‘‘not voting’ 38; 
D 229, "affirmative i1, negative 0, ballots marked “not 
voting” 29; D 618, “aflirmative 34, negative 1, ballots 
marked “‘not voting’’ 25. 
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is (D 618 — 44 T) be revised. The 
revised tentative methods also appear in 
the 1944 Book of A.S.T.M. Standards, 
Part III. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Items 4 


I. New TenTATIVE Metuop 


Test for Gas Content of In- 
sulating Oils 


Affirm- | Nega- 
ative tive 


Voting” 


IJ. Revision oF TENTATIVES 


Testing Molded Materials Used 
for Electrical Insulation 
(D 48 - 43 T) : 

Test for Power Factor and Di- 
electric Constant of Electrical 
Materials (D 150 - 

) 


Sampling and Testing Untreated 
Paper Used in Electrical In- 
sulation (D 202 - 44 T).. 

Spec. for Flexible T. reated Cot- 
ton and Rayon Sleeving Used 
in Electrical Insulation 
(D 372 - 44 T) 

Conditioning and Classifying for 
Conditioning Plastics and 
Electrical 
for Testing (D 618 - 44 T). 

Spec. for Natural Block Mica and 
Mica Films Suitable for Use in 
Fixed Mica-Dielectric Capaci- 
tors (D 748 - 43 T) 

Method of Flexural Test of 
Plastics (D 790 - 44 T) 


III. Revision oF STANDARDS, 
IMMEDIATE ADOPTION 

Test for Insulating Resistance of 
Electrical Insulating Materials 
(D 257 ~ 38) 

Testing Flexible Varnished Tub- 
ing Used for Elec trical Insula- 
tion (D 350 - 43) 


IV. Tentative OF 
STANDARD 


‘lesting Electrical 
Oils (D 117-43)... 34 


RECOMMENDATIONS AFFECTING 
STANDARDS 


As the result of the year’s work, the 
committee is submitting one new tenta- 
tive method, revisions in seven tentative 
specifications and methods of test, tenta- 
tive revision of a standard, revisions of 
two standards for immediate adoption, 
and a new statement on the Significance 
of Tests for Resistivity. The standards 
affected are listed in Table I. The 
recommendations being presented are 
included in Appendix I, each proposed 
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revision being accompanied by 
reason for the revision. 

These recommendations have beep 
submitted to letter ballot of the com- 
mittee which consists of 111 voting 
members, with the results shown in 
Table I. 


ACTIVITIES OF SUBCOMMITTEES 


Since the 1944 Annual Meeting of the 
Society, this committee has suffered the 
loss of C. F. Hanson, who died on April 
27, 1945. Mr. Hanson has served as 
chairman of Subcommittee I on Insu- 
lating Varnishes for many years and his 
loss will be keenly felt. 

Of particular note among the subcom- 
mittee activities are two conferences held 
during the past year with representatives 
of the Armed Services standardizing 
agencies. The first of these, held in 
New York, N. Y., on February 14, 1945, 
was concerned with methods of testing 
insulating varnish films for resistance to 
sea water and other alkalies and acids. 
The second held in Philadelphia, Pa., on 
April 24, 1945, was concerned with 
methods of testing the insulation re- 
sistance of solid dielectrics. Both con- 
ferences were called at the request of 
the Service Groups to consider closer 
cooperation and correlation of test 
procedures in the specifications used by 
the Service Groups and in A.S.T.M. 
Standards. 

Some of the projects now in progress 
are briefly mentioned in the following 
summary of subcommittee activities: 

Subcommittee I on Insulating 
Varnishes, Paints, and Lacquers (C. F. 
Hanson, chairman).—Four groups are 
actively working on projects in which 
considerable progress is being made. 
The Section on Thermosetting Varnishes 
has been running a series of interlabora- 
tory tests to improve the methods of 
evaluating “set time”’ of these materials. 
Another section is revising and reediting 
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the Standard Methods of Testing Var- 
nishes Used for Electrical Insulation 
(D 115-41). A section which has been 
working with methods of evaluating the 
characteristics of deep-drying varnishes 
has been attempting for many years to 
find a satisfactory method of evaluation 
of these materials. A test procedure has 
been found which is to be tried out in a 
round-robin series of tests. Methods 
of testing the acid and alkali resistance 
of insulating films are to be reviewed and 
possible revisions are being considered. 

Subcommittee II on Molded Insulating 
Materials (W. A. Evans, chairman).— 
To check the test methods and to pro- 
vide specification requirement values, a 
round-robin test on various sizes and 
formulations of extruded flexible plastic 
tubing has been started. 

Revisions are recommended in the 
lentative Methods of Testing Molded 
Materia!s Used for Electrical Insulation 
1) 48 - 43 T) to bring them up to date.” 

Tne requirements for a nontarnishing 
type of material are being obtained and 
assembled for inclusion in the Tentative 
Specifications for Pheaolic Molding Com- 
pounds (D 700 - 43 T) 

The specj.ications for melamine, urea, 
and various thermopiastics, developed 
by Committee D-20 on Plastics are being 
examined. If- adequate for electrical 
insulation, electrical requirement values 
will be supplied, where necessary, so 
that they may be approved by Commit- 
tee D-9. 

Subcom-ulttee III on Plates, Rods, and 
Tues (G. H. Mains, chairman).—As the 
result of the continued cooperation of 
Subcommittee III with Subcommittees 
Il and XIII of Committee D-9 and Sub- 
committee I of Committee D-20 on test 
methods for mechanical properties of 
sheets, rods, and tubes, the new Tenta- 
tive Method of Flexural Test of Plastics 

*These revised specifications and methods were 


accepted by the Society and appear in the 1945 Supplement 
to Book of A.S.T.M. Standards, Part III. 
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(D 790-44T) was developed, also a 
revision was made in the Tentative 
Method of Test for Tensile Properties _ 
of Plastics (D 638 - 44 T). 

Tentative revisions of the Standard 
Methods of Testing Sheet and Plate 
Materials Used in Electrical Insulation 
(D 229-43) have also been issued to 
conform with these revised methods, and 
it is planned to recommend them for 
adoption as standard next year. 

In cooperation with Subcommittee 
VI of Committee D-20, a new revision 
of the Tentative Specifications for Lami- 
nated Thermosetting Materials (D 709 — 
44T) has been prepared to include 
values on impact strength for all grades 
of sheet, and to add new property values 
for various grades of rods. 

In line with the decision of the Ad- 
visory Committees of Committee D-9 
and Committee D-20, Subcommittee IIT 
has arranged to turn over its investiga- 
tional work on test methods for mechani- 
cal properties of electrical insulating 
materials having to do with plastics to 
Subcommittee I of Committee D-20 and 
that on thermal properties of the same 
materials to Subcommittee III of Com- 
mittee D-20. On these properties for 
other insulating materials under its 
jurisdiction it will so far as possible use 
the test methods developed by Com- 
mittee D-20. 

Some of these pending items include 
a study of the relation of total pendulum 
energy in the Izod impact test to the 
actual value calculated for the higher 
impact materials, the study of bond 
strength of laminated materials, the heat 
distortion of laminated thermosetting 
materials, and flammability tests. 

Work is continuing on the study of 
the effect of specimen size and of various 
types and periods of conditioning on 
insulation resistance of sheet materials. 
Preliminary data have been obtained 
on the effect of high and low tempera- 
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tures on power factor and dielectric 
constant of sheet insulating materials, 
and more extensive data will be available 
shortly. 

Subcommittee IV on Liquid [nsulation 
(E. A. Snyder, chairman): 

Sludge Test.—Correlating tests to de- 
termine the relation of test data ob- 
tained by the Tentative Methods of 
Test for Sludge Formation in Mineral 
Transformer Oil (D 670-427) with 
actual service life of transformer oils, 
as referred to in the 1944 report,*® are 
under way and it is hoped that a pre- 
liminary report showing trends of the 
results of the investigation will be avail- 
able for inclusion in next year’s report. 
Some preliminary data have been ob- 
tained to date but they are still too 
meager to be of any value in this study. 

Tests will probably have to extend 
over a period of at least five years in 
order to obtain sufficient data on which 
to base tentative conclusions. 

Resistivity and Power Factor Test. 
The proposed method for determination 
of resistivity and power factor of petro- 
leum insulating oils as given in the 
Appendix is submitted for publication 
as a tentative revision of the Standard 
Methods of Testing Electrical Insulating 
Oils (D 117 — 43). 

Gas Content of Insulating Oils.—The 
routine and referee procedures in the 
Methods of Test for Gas Content of 
Insulating Oils, as printed in Appendix 
III 0° the 1944 report,’ are being recom- 
mended for publication as tentative this 
year.’ 

Dielectric Strength Test.—A new tenta- 
tive revision of the dielectric strength 
test in Standard Method PD 117, given 
in the Appendix to this report, was 
prepared during the year and is recom- 
mended for publication to replace the 
present tentative revicion.® 

3 Proceedings, Am. Soc. Testing Mats , Vol. 44, p 422 
(1944). 

4These mettoids were accepted as tentative by the 
Society and appear in the 1945 Supplement to Book o: 


S.T.M. Standards, Part III. 
61944 Book of A.S.T M. Standards, Part III. 


Tests for Askarels.—The Methods of 
Test for Askarels, which were published 
as information in Appendix IV of the 
1943 report, have been revised and the 
revised methods are appended to this 
report.6 As methods for determination 
of dielectric strength and power factor 
of askarels are still under study, Sub- 
committee IV is not ready to recommend 
the methods for publication as tentative, 
but the methods as developed and revised 
to date are being again published as 
information to elicit comments and 
criticism. 

Questionnaire on Tests of Transformer 
Oils in Service.—Subcommittee IV con- 
ducted a study during the year on the 
importance of the various test methods 
for determining quality of insulating 
oils. In connection with this study, L. 
B. Schofield prepared and circulated a 
questionnaire to approximately 80 utili- 
ties in the United States and Canada to 
determine each utility’s opinion on the 
following questions: 

1. The relative order, in their opinion, of the 
importance of tests which they ccnsider signif- 
icant in testing transformer cil to judge its 
suitability for continued use, 

2. Tests which they always make to appraise 
serviceability of oil and their allowable limits 
for each test, 

3. Whether periodic tests are made at fixed 
time intervals and what the time intervals are, 

4. What supplementary tests are made in 
addition to those noted under item 2, 

5. What tests they have investigated in the 
past and abandoned as being of no real value, 
and 

6. Whether sludging of oil is a serious prob- 
lem and if so, what steps are taken to reduce 
sludging or to eliminate the cause of sludging. 

Very cooperative and helpful answers 
were reccived from practically all these 
utilitics and the results of this question- 
nzire have been tabulated and analyzed 
and presented by Subcommittee IV to 
Committce D-9 for publication as 4 
paper for presentation to the Society. 
It is the belief of Subcommittee IV that 
the information gathered and so tabu- 


6 See p. 292. 
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lated will be of extreme interest to all 
users of electrical apparatus, especially 
transformers. It appears as Appendix 
III to this report. 

Water in Insulating Oils.—Work is 
still continuing in the development of a 
method of test to determine accurately 
and quantitatively the small traces of 
moisture present in insulating oils. A 
new series of round-robin tests with 
modified test methods has been initiated 
and the question will receive further 
study during the coming year. 

Reorganization of Test Methods.—Sub- 
committee IV is actively studying a 
more desirable method of organizing the 
test methods under its jurisdiction. At 
its inception, Subcommittee IV was 
mainly concerned with the development 
of test methods to determine the char- 
acteristics of transformer oils. During 
the years the scope of its work increased 
very much and it now embraces the study 
of methods of test for transformer oils, 
switch oils, cable oils, and capacitor oils. 
Some of these oils require certain tests 
while others may not require the same 
tests. Also, in some cases test methods 
for certain characteristics which are 
applicable to transformer oils may re- 
quire considerable modification to make 
them applicable to, for example, cable 
oils. The subcommittee is also engaged 
in developing test methods for liquid 
insulation other than that of petroleum 
origin. The program of Subcommittee 
[V is, therefore, directed toward the 
establishment of individual test methods 
for publication as separate A.S.T.M. 
Standards, and Methods D 117 will 
then become a collection of references 
to methods which will cover the defini- 
tion of the test, the significance of the 
test. and references to the proper 
AS.TM. methods which describe the 
test procedures. It is felt that a plan 
of organization of this type will be 
sufficiently elastic to allow for any future 


expansion and for easier revision of the 
methods when required. 

Subcommittee V on Ceramic Products 
(L. J. Cavanaugh, chairman).—As men- 
tioned earlier in this report, Emergency 
Specifications for Communication and 
Signal Pin-Type Lime-Glass Insulators 
(ES - 41)® have been prepared and is- 
sued. The publication of these specifi- 
cations as tentative is now under con- 
sideration. 

Progress has been made in the study 
relating to factors involved in the de- 
termination of loss factor of steatite 
after exposure to water. 

Subcommittee VI on Solid Filling and 
Treating Compounds (R. H. Titley, 
chairman).—Work is under way looking 
toward the preparation of specifications 
for filling and treating compounds. 

Subcommittee VII on Insulating 
Fabrics (R. W. Chadbourn, chairman).— 
During the past year, the subcommittee 
prepared a number of revisions in the 


test methods and specifications for var- 


nished cambric tape. One of the most 
important was the replacement of the 
existing method for making dielectric 
strength tests after elongation by a new 
method in which the tape is stretched at 
a definite rate to an elongation of 6 per 
cent and held at that elongation while 
the tape is tested to breakdown. This 
is felt to approximate much more closely 
actual conditions of use. It is recognized, 
however, that greater elongations are 
commonly experienced in practice, so 
users of tape are requested to accumu- 
late data on breakdowns at 12 per cent 
elongation, so that further modification 
of the method may be made as may seem 
necessary. 

Conditioning at 50 per cent relative 
humidity, instead of 65 per cent, has been 
adopted for varnished cambric and also 
for treated sleeving. This brings the 
pretest treatment of these materials into 
line with that used for other insulations. 
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An alternative method of test for power 
factor of varnished cambric, involving 
conditioning at 50 per cent humidity, 
has been adopted. The subcommittee 
recognizes that this material is some- 
times used in locations where the 
humidity is high, and provision for a 
dielectric test at high humidities is 
contemplated. 

Objection has been raised to the step- 
by-step dielectric test, as applied to 
varnished cambric, because of the exces- 
sive number of steps, and the sub- 
committee has begun to investigate the 
possibility of a substitute for this test, 
in which the voltage would be raised 
uniformly to breakdown, as in the short- 
time test, but at such a reduced rate 
that the results would be comparable 
with those now obtained on the step- 
by-step test. 

The statements on significance of tests 
that were prepared some time ago have 
been revised in accordance with the 
model adopted by Subcommittee XI, and 
are now being submitted for final ap- 
proval by the committee. 

Several changes are contemplated in 
the six tests already adopted for treated 
glass fabrics, as now detailed in the Ten- 
tative Methods of Testing Varnished 
Cloths and Varnished Cloth Tapes 
Used in Electrical Insulation (D 295 - 
44 T).5 It has been found, for instance, 
that the dielectric strength tests now 
prescribed for varnished cambric do not 
apply, in all details, to glass fabrics 
because of the differences in breakdowns 
of the two materials. Again, because of 
the higher temperatures to which glass 
fabrics are subjected, changes in the 
temperatures prescribed for power factor 
tests seem desirable. In addition to the 
changes proposed in existing methods, 
several additional tests have been sug- 
gested for study. 

In response to a request from the in- 
dustry, a section has been formed to 
develop test standards and specifications 
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for adhesive tape for electrical applica- | 
tions. Tes 

Subcommittee VIII on Insulating Paper pen: 
(C. T. Hatcher, chairman).—The mem- ard 
bers of this subcommittee are working om 
with the members of Committee D-6 dry 
on Paper and Paper Products in the sal 
development of test procedures for —- 
insulating papers that are satisfactory The 
to both groups. A group working on nat 
developing a pH method for acidity ar’ 
determinations of paper is about ready ard 
to submit a proposed method for pub- phe! 
lication as tentative. A_ section on ae 
mechanical strength is considering the Be 
submission of a tensile strength method » 
which has been developed in conjunction scal 
with Committee D-6. Revisions in the the 
Tentative Methods of Sampling and aoe 
Testing Untreated Paper Used in Elec- St 
trical Insulation (D 202 — 44 T), satis- Test 
factory to both groups, are being 
recommended at this time. tent 

Subcommittee IX on Mica Products Tes 
(E. O. Hausmann, chairman).—Revi- iil 
sions in the Tentative Specifications for ng 
Natural Block Mica and Mica Films Cha 
Suitable for Use in Fixed Mica-Dielec- ae 
tric Capacitors (D 748 - 43 T) are being ~ 
recommended this year.2 At the re- sign 
quest of the U. S. Bureau of Supplies it r 
was decided to reconsider the standardi- oat 
zation of color photographs for grading —_ 
of natural mica. This project had been = 
tabled at one time during the year. A 

Subcommittee X on Conditioning (R. sub 
Burns, chairman).—In addition to co- “ag 
ordinating the conditioning procedures ty 
of the various subcommittees of Com- rhe 
mittee D-9 and Committee D-20, and give 
integrating the activities with other * 
standing committees throughout the 
Society, the principal project of this 
subcommittee has been the standardiza- The 
tion of procedures applying particularly — 
to insulating materials and_ plastics. me 
These are embodied in the revised Tenta- 
tive Methods of Conditioning Plastics ane 
and Electrical Insulating Materials for lasul 


a 


Testing (D 618-44 T) which are ap- 

pended hereto? and consist of (a) stand- 
ber ard laboratory atmosphere — 50 per 
“sé cent relative humidity at 25 C., and (6) 
+, drying at SOC. for 48 hr. A list of 
the standard test temperatures ranging from 
Pies -70C. to +105 C. is also included. 
sai The subcommittee, in a desire to elimi- 
jo nate confusion when the term “room 
ity temperature” is used, has defined stand- 
dy ard room temperature as “An atmos- 
ib- phere of unspecified relative humidity at 
an a temperature in the range 20 to 30 tag 
‘he It was further decided that Committees 
er D-9 and D-20 will use the Centigrade 
i scale, with Fahrenheit in parenthesis, as 
‘he the standard manner of expressing 


nd temperature. 
Subcommittee XI on Significance of 


mt Test (H. L. Curtis, chairman).—Atten- 
ing tion has been given to the form and con- 
tent of the Statements of Significance of 
- Tests. General principles were decided 
oi, upon and an editorial committee consist- 
is ing of Messrs. Gordon T hompson, R. W. 
ae Chadbourn and P. H. Dike, was ap- 
aie pointed to insure that these principles 
ing are embodied in future statements of 
significance. 
sit The significance of the test for re- 
di- sistivity of insulating materials was re- 
ing vised” and has been submitted to Com- 
sin mittee D-9 for letter ballot. 


At the suggestion of Subcommittee XI, 
(R. Subcommittee IV has prepared a new 
type of statement for transformer oils. 
In this statement the various properties 


a of oil are listed and their significance 
ail given with a reference to a standard 
her method for making the test. 

the Subcommittee XII on Electrical Tests 
his Gordon Thompson, chairman).—This 
aos subcommittee has five active sections. 
urly The section on methods of test for re- 
rin sistivity and insulation resistance has 
ita- 

"compilation of M: Standardson tera 
for insulating Materials,” October, 1945, p. 27. 
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been studying long-time charging-cur-— 
rent curves; the preparation of a state- 
ment of significance of test has raised 
considerable discussion. The section on 
measurement of power factor of liquids 
is working with a group in Subcommittee 
IV. The power factor of solid insulating 
materials at frequencies all the way up 
to hundreds of megacycles per second is 
the concern of a third section and with 
the removal of restrictions in the field of 
“ultra-high-frequencies” this section will 
have plenty of work to do; a program of 
testing various types of electrode mate- 
rials and methods of application is in 
preparation. The section on arc re- 
sistance tests is reviewing the present 
methods thoroughly and carrying on 
round-robin tests based on new 
techniques and procedures. 
Subcommittee XIII on Mechanical 
Tests (F. G. Tatnall, chairman).—This 
subcommittee is actively engaged in cor- 
relating the work of Committees D-9 
and D-20 on flexure testing. It is also 
studying the various methods for com- 
pression testing used by Committee D-9 
and will attempt to correlate these 
methods with those used by other com- 
mittees of the Society. A section for 
investigating the various methods used 
in tension testing has also been formed. 


This report has been submitted to 
letter ballot of the committee which 
consists of 111 voting members; 60 
members returned their ballot, of whom 
55 have voted affirmatively, and 0 

negatively. 


Respectfully submitted on behalf of 
the committee, 
Myron Park Davis, 

Chairman. 
W. A. EvAns, 
Vice-Chairman. 
W. A. Zinzow, 
Secretary. 
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As indicated in the Summary of Proceedings, p. 9, recommendations affect- 
ing tentatives and a tentative revision of a standard referred to in the report 
were submitted by Committee D-9 and accepted by the Administrative 
Committee on Standards on June 27, 1945. The new and revised tentatives 
and the tentative revision appear in the 1945 Supplement to Book of A.S.T.M. 


Standards, Part II. 


Subsequent to the Annual Meeting, Committee D-9 recommended to the Ad- 
ministrative Committee on Standards that the Specifications for Molds for 
Test Specimens of Molding Materials Used for Electrical Insulation (D 647 - 
42 T) be revised. This recommendation was accepted by the Standards 
Committee on December 8, 1945 and the revised specifications also appear 
in the 1945 Supplement to Book of A.S.T.M. Standards, Part III. 

On December 12, 1945, the Standards Committee accepted the joint recom- 
mendation of Committee D-9 and Committee D-20 on Plastics that the Tenta- 
tive Specifications for Phenolic Molding Compounds (D 700-43 T) be re- 
vised. The revised tentative appears in the 1945 Supplement to Book of 
A.S.T.M. Standards, Part II. 
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RECOMMENDATIONS AFFECTING STANDARDS ON 
INSULATING MATERIALS 


In this Appendix are given recom- 
mendations affecting certain standards 
and tentatives covering electrical insulat- 
ing materials which are referred to 
earlier in this report.1. The standards 
and tentatives appear in their present 
form in the 1944 Book of A.S.T.M. 
Standards, Part III. 


New TENTATIVE METHOD 


Tentative Methods of Test for Gas Con- 
tent of Insulating Oils :* 


These methods are intended for deter- 
mining gas content of insulating oils such 
as are used in capacitors and paper- 
insulated lead-covered cables of the oil- 
filled type. ‘Two methods are covered: a 
routine method, and a referee method for 
use when a test of high accuracy is de- 
sired. These methods of test were pub- 
lished as information in connection with 
the 1944 Report’ of Committee D-93 It 
is recommended that these methods be 
accepted for publication as tentative. 


REVISION OF TENTATIVES 


Tentative Methods of Testing Molded 
Materials Used for Electrical Insula- 
tion (D 48 - 43 T): 


This revision consists of a complete 
new form of this standard. The revision 
has been considered for some time and 
consists largely of a rearrangement of the 
present methods together with the addi- 


'For an explanation of these revisions, see p. 276. 
*These methods were accepted as tentative by the So- 
ety and appear in the 1945 Supplement to Book of 
Standards, Part III. 
wou 2oeedines, Am. Soc. Testing Mats., Vol. 44, p. 450 
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tion of references to other test procedures 
which have heretofore not been included. 
Only minor changes in the test proce- 
dures are involved. The methods as 
revised‘ represent a complete directory 
of A.S.T.M. methods of test applicable 
to the types of insulating materials that 
are covered by the standard. 


Tentative Methods of Test for Power ; 
Factor and Dielectric Constant of 
Electrical Insulating Materials (D 150 
—44T): 


Revisions of these methods are largely 
clarifications of changes concerning capac- 
itances to be used in the test procedures — 
making it permissible to use a wider 
latitude of capacitances most suitable to 
the equipment available. Another part 
of these revisions concerns descriptions 
of test cells suitable for liquid insulating — 
materials. The test methods are not 


changed in any essential details. 
Section 11 (b).—After the second sen- 
tence, insert the following two sentences: 
The capacitance of the specimen shall be, 


preferably, not less than 70 However, it is 


not intended that this minimum value be rigidly - 
adhered to, providing the precision of the meas- 
urement meets the intended accuracy of the 

test method. 


Section 11 (c).—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 

4 These revised specifications and methods were accepted 


by the Society and appear in the 1945 Supplement to Book 
of A.S.T.M. Standards, Part III. 
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(c) For testing rolled or laminated tubes or 
ceramic tubes, the test specimen shall have the 
diameter and wall thickness of the material it 
represents, and shall be of sufficient length to 
provide a capacitance [of] preferably not less than 
70 puf. However, it is not intended that this mini- 
mum value be rigidly adhered to, providing the 
precision of the measurement meets the intended 
accuracy of the test method. ‘The thickness shall 
be uniform to plus or minus 5 per cent, and the 
surfaces shall be smooth and free from irregu- 
larities. 


Section 11 (d).—Change to read as 
follows by the addition of the italicized 
words and the omission of those in 
brackets: 


The liquid shall be tested in a suitable test cell 
in which the ratio of surface to thickness of liquid 
layer is sufficient to [give] provide a capacitance 
[of] preferably not less than 70 wuf. However, it 
is not intended that this minimum value be rigidly 
adhered to, providing the precision of the measure- 
ment meets the intended accuracy of the test 
method. {One| Two |form] forms of test [cell] 
cells that |has] have been found satisfactory 
[except for extra high quality oils] for testing oil 
with power factors ranging from 0.0001 to 0.25 |is] 
are shown in Appendix III [to the Standard 
Methods of Testing Solid Filling and Treating 
Compounds Used for Electrical Insulation 
(A.S.T.M. Designation: D 176) of the American 
Society for Testing Materials]. Another form of 
test cell that has been found satisfactory, except 
for extra-high-quality oils, is also shown in 
Appendix IIT. 


Section 13 (b).—Omit the first sen- 
tence. 

Section 13 (d).—Omit the fifth sen- 
tence. Change the seventh sentence to 
read as follows by the addition of the 
italicized words: “Also, the construction 
of the cell must be such that in the 
cleaning operation all traces of a former 
specimen or cleaning solvent can be com- 
pletely removed.” 


Tentative Methods of Sampling and 
Testing Untreated Paper Used in 
Electrical Insulation (D 202 — 44 T): 


These revisions are largely changes 
recommended by a section which has 
been correlating the methods of test 
used by Committee D-6 on Paper and 
Paper Products and Committee D-9. 


Sections 8 to 12.—Substitute for these 
sections the following new sections, 8 and 
9, renumbering the subsequent sections 
accordingly: 


8. Weight.—The determination of weight 
shall be made in accordance with the Tentative 
Method of Test for Basis Weight of Paper and 
Paper Products (A.S.T.M. Designation: D 646), 
except for sampling and conditioning of the 
sample which shall be carried out in accordance 
with Sections 2 and 3 of Methods D 202. The 
results shall be reported as weight in grams per 
square meter. 

9. Apparent Density.—The apparent density 
shall be calculated from the thickness (Sections 
5 to 7), area, and weight (Section 8) results 
obtained on conditioned specimens (Section 3), 
and reported as grams per cubic centimeter. 

Note.—Apparent density may be calculated 
as follows: 


grams per square meter 
D = —— 0.0000394 
thickness in inches 


is _ weight in grams 


0.061 
volume in cubic inches 


weight of 25 by 40 in. — 500 
sheet ream in pounds 
D = x 0.000055 
thickness in inches 
weight of a 7-13/16 in. 
iu _Square sample in grams 
thickness in mils 
where: 
D = apparent density in grams per cubic 
centimeter. 


Section 57.—At the end of this section 
on apparatus for impregnation add a 
note referring to Paragraph (c) to read as 
follows: 


Notre.—For comparative purposes liquids 
other than these may be used. 


Sections 59 and 60.—Revise the proce- 
dure and section on report of the test for 
impregnation to read as follows: 


59. Procedure.—(a) The test specimens shall 
be measured for thickness in accordance with 
Methods A or C of the Standard Methods of 
Test for Thickness of Solid Electrical Insulation 
(A.S.T.M. Designation: D 374). 

(6) The test specimens shall be numbered 
consecutively on the same side of the paper. 
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The odd-numbered specimens shall be tested 
with their numbered sides up, that is, not in 
contact with the impregnating liquid. The 
even-numbered specimens shall be tested with 
the’r numbered sides down, that is, in contact 
with the impregnating liquid. 

(c) The liquid container shall be placed in a 
horizontal position and the thermometer shall 
be so fixed that the bottom of its bulb is approxi- 
mately } in. above the container bottom. The 
container shall be filled with the impregnating 
liquid to within } in. of the upper edge of the 
container orifice. The liquid shall be main- 
tained at this level by adding small amounts of 
liquid to replace that absorbed by the test 
specimens during the testing period. The 
temperature of the liquid shall be maintained at 
77 + 2F. during testing by means of the 
electrical heater or by the circulation of water 
through the jacket. 

(d) The specimen shall be placed over the 
container orifice and clamped in place with the 
ring clamp. After setting the stop watch at 
zero, the container handle shall be depressed 
quickly until the front end of the container 
touches the base plate. The surface of the 
paper shall be observed closely and at the instant 
of complete penetration of the liquid throughout 
the entire paper area under test the watch shall 
be stopped by immediately raising the front end 
of the liquid container. 

(e) The elapsed time shall be recorded as 
that of impregnation. 

60. Report.—The report shall include the 
ollowing: 

(a2) The average, maximum, and minimum 
times for total impregnation, in sec- 
onds, 

(b) The average, maximum, and minimum 
thicknesses before impregnation, in 
inches, and 

(c) Thickness of the specimen showing the 
maximum impregnation time and also 
the thickness of the specimen showing 
the minimum time. 


Tentative Methods of Testing Varnished 
Cloths and Vanished Cloth Tapes 
Used in Electrical Insulation (D 295 -— 
44 T): 


These revisions involve two changes: 
the first of which will include the humid- 
ity value being standardized for all in- 
sulating materials, and the second of 
which provides an alternative method of 
conditioning for power factor tests where 
vacuum treatment cannot be used or 
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where it is desired to test the material ” : 


at a power factor more closely approxi- 
mating conditions of use. 

Section 4.—Substitute for this section -) 
on conditioning the following: . 


4. (a) The test specimens shall be conditioned 
for 48 hr. in air maintained at a temperature 
between 20 to 30 C. and at a relative humidity ~§ 
of 50 + 2 per cent. ; 

(6) If a conditioning cabinet or chamber is 7 
used, test specimens shall be subjected to test 
immediately upon withdrawal from the cabinet 


or chamber, unless otherwise specified. a 


Section 40.—Change this section on 
conditioning of test specimens for power 
factor tests to read as follows: 


40. The test specimens shall be conditioned — 
by one of two methods: 

(a) When the greatest duplicability of results 
is desired, the test specimens in one thickness, 
shall be heated to 105 + 3C. for 1 hr. without 
vacuum, and then for 2 hr. at 105 + 3C. ina 
vacuum having an absolute pressure not exceed- 
ing 1 mm. of mercury. 7 

(b) When the vacuum treatment is not feasi- 
ble, or when an approximation to conditions of 
use is desired, the test specimens shall be — 
conditioned in accordance with Section 4. 

(c) In the case of dispute, the vacuum treat-— 
ment shall be considered the referee method. 


Tentative Specifications for Flexible 
Treated Cotton and Rayon Sleeving 
Used in Electrical Insulation (D 372 - 
44 T): 


This revision is largely editorial in 
nature since the present wording ho 
been found to permit of some misinter- 
pretation. 

Section 5.—Change to read as follows 
by the addition of the italicized words 
and the omission of those in brackets: 


5. The number of hours of baking in the aging 
test [at] during which [first] no cracking of the 
[treated sleeving] tubing occurs when bent 
through 180 deg. over the rod specified in Section 
14 of the Standard Methods of Testing Flexible 
[Treated Sleeving] Varnished Tubing Used for 


Electrical Insulation (A.S.T.M. Designation: 
D 350) shall be not less than the following: oo 


Grades B-1 and B-Z. 
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Flexural Offset Yield Strength.—The flexural 
offset yield strength is the stress at which the 
stress-strain diagram for the material departs 
from the initial direction of the curve by a 
specified increment of strain. 


Tentative Methods for Conditioning 
and Classifying for Conditioning Plas- 
tics and Electrical Insulating Materials 
for Testing (D 618-44 T): 


This revision concerns a rearrange- 
ment in form of these methods. It is 
the result of considerable discussion 
which has been going on for a period of 
time. It is designed to provide a stand- 
ardized conditioning treatment suitable 
for conditioning materials of two types, 
one of which is a normal room tempera- 
ture conditioning while the other is a 
conditioning treatment applied at an 
elevated temperature. These revised 
methods, appended hereto,’ are being 
submitted jointly with Committee D-20 
on Plastics. 


Tentative Specifications for Natural 
Block Mica and Mica Films Suitable 
for Use in Fixed Mica-Dielectric 
Capacitors (D 748~43 T): 


This revision consists of clarifying and 
broadening changes in these specifica- 
tions. Formerly the specifications re- 
ferred to American War Standards which 
reference is now deleted so as to make 
the specifications complete in themselves, 
None of the changes involved affect the 
methods of test required in any essential 
detail. The revised specifications are 
appended hereto.‘ 


Tentative Method of Flexural Test of 

Plastics (D 790 - 44 T): 

This revision involves minor changes, 
largely editorial in nature, which clarify 
this method. The following revision is 
accordingly recommended jointly with 
Committee D-20: 

Section 8.—In Paragraph (a) add after 
“simple beam” the words “of rectangular 
cross-section.” 

Change the heading and the first sen- 
tence of Paragraph (c) to read as follows 
by t the addition of the italicized words: 


Table I.—To the recommended test 
specimens in this table insert the follow- 
ing three additional sizes in proper 
numerical position: 


Nominal Thickness of Sheet, 
1s % 
epth of Specimen, in... ... 4 
Width of Specimen, in...... 
Edgewise: 
Depth of Specimen, in... ... % % 
Width of Specimen......... % % 
(Nominal Thickness, in.) 


Section 3 (a).—Add a new note 4 to 
read as follows: 


Note 4.—For comparing values the thickness 
of specimens being compared should be approxi- 
mately equal. 


Section 4.—Insert the following new 
Paragraph (c), relettering the present 
Paragraph (c) as (d): 


(c) For sheet materials the specimens shall 
be tested as follows: 
(1) Five specimens cut lengthwise of the 
sheet, tested flatwise. 

(2) Five specimens cut lengthwise of the 
sheet, tested edgewise. 

(3) Five specimens cut crosswise of the sheet, 
tested flatwise. 

(4) Five specimens cut crosswise of the sheet, 
tested edgewise. 


Section 6 (b).—Change to read as fol- 
lows by the addition of the italicized 
word: “The rate of crosshead motion for 
testing flexural specimens shall be calcu- 
lated in accordance with the following 
formula:” 

In the sentence following the formula 
insert the italicized words to read: “The 
rate of crosshead motion shall be as near 
as possible but shall not exceed the value 
calculated from the above formula. ¥ 
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REVISION OF STANDARDS, IMMEDIATE 
ADOPTION 


Methods of Test for Insulation Resist- 
ance of Electrical Insulating Materials 
(D 257 ~ 38): 


These revisions are concerned with 
changes necessary to make these methods 
more suitable for measurements on liquid 
insulating materials. They deal en- 
tirely with the cells to be used for such 
measurements. 

Section 7.—Change Note 2 from its 
present form: namely, 


Note 2.—Because of the catalytic action of 
some metals on oils, the electrodes shall be 
plated with nickel, gold, or platinum. 


to read as follows: 


Note 2.—The electrode surfaces shall be 
made of a material capable of resisting attack by 
mild acids found in certain insulating oils such 
as petroleum oil, particularly after prolonged 
exposure to elevated temperatures. Metals 
which have been found satisfactory from this 
standpoint are gold, nickel, monel, and platinum. 
In general, plated surfaces have been found less 
satisfactory than solid metal electrodes. 


Insert the following new Note 3, re- 
numbering the present. Note 3 as Note 4: 


Note 3.—Any of the cells mentioned in 
AS.T.M. Methods D 150, Section 11 (d), are 
satisfactory for use in resistivity measurements. 


Methods of Testing Flexible Varnished 
Tubing Used for Electrical Insulation 
(D 350 — 43): 


This revision is concerned with bring- 
ng the humidity conditioning require- 
ment for treated sleeving into line with 
that specified for the conditioning of 
other insulating materials. 

Section 3.—Delete Paragraph (a) and 
change Paragraph (b) to read as follows: 


3. (a) The test specimens shall be conditioned 
48 hr. in air maintained at a temperature 
etween 20 and 30 C. and at a relative humidity 
150 + 2 per cent. If a conditioning cabinet 

is used, specimens used for dielectric strength 
tests shall be subjected to test immediately upon 
thdrawal from the cabinet. 
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~ 6 1944 Book of A.S.T.M. Standards, Part III. 


Standard Methods of Testing Electrical 


TENTATIVE REVISION OF 
Insulating Oils (D 117 43): 


The first of these changes are editorial 
changes in the names of two sections and — 
do not involve any change in the 
methods. 

The second change involves a complete 
substitution for the tentative revision 
accepted in June, 1940, and subsequently 
modified in June, 1943, and June, 1944.5 
This new form of the description of the _ 
dielectric strength test procedure as ap- 
plied to insulating oils is the result of 
a series of revisions made since 1940. 

It is being presented in this form at this 

time as a tentative revision of Sections 

22 to 28, inclusive. . 
The third revision concerns new a 


scriptive matter about test cells and their 
care which are to be used for power fac- 
tor, dielectric constant, and resistance | 
measurements. 

Section 14.—Change the title of = 
section from “Acid and Base Numbers” 
to read “Strong Base and Strong Acid 
Neutralization Number.” 

Section 17.—Change the title of this 
section from ‘Mineral Acids (Chlorides 
and Sulfates)” to read “Inorganic Salts — 
(Chlorides and Sulfates).”’ 

Sections 22 to 24.—Change from their 
present form to read as follows: 


DIELECTRIC STRENGTH 


22. Apparatus: (a) Transformer.—The de- 
sired test voltage may be most readily obtained 
by a set-up transformer energized from a 
variable low-voltage source. The transformer 
and its controlling equipment shall be of such 
size and design that, with the test specimen in 
circuit, the crest factor (ratio of maximum to 
mean effective) of the test voltage shall not 
differ by more than plus or minus 5 per cent 
from that of a sinusoidal wave over the upper 
half of the range of test voltage. The crest 
factor may be checked by means of an oscillo- 
graph, or a sphere-gap or peak-reading voltmeter 
in conjunction with an rms. voltmeter. Where 
the wave-form cannot be determined conven- 


the 
arts 
ya 
lest 
OW- 
per 
4 to 
kness 
proxi- 
new 


288 REPORT OF CoMMITTEE D-9 (AppENDIx I) 


iently, a transformer having a rating of not 
less than 2 kva. shall be used. Tests shall be 
made at commercial power frequencies. 

Note.—When a transformer is used at volt- 
ages lower than its full rating, the current drawn 
from the high voltage winding should not exceed 
the full-load full-voltage current rating. 

(b) Circuit Breaker.—The test transformer 
circuit shall be protected by an automatic 
circuit-breaking device designed to open sub- 
stantially instantaneously on the current pro- 
duced by breakdown of the test specimen. A 
prolonged flow of current at the time of break- 
down causes carbonization of the liquid and 
pitting and heating of the electrodes, and thereby 
increases the work of electrode and test cup 
maintenance, and time of testing. 

(c) Voltage Control.—The rate of voltage rise 
shall not, for short-time tests, vary more than 
plus or minus 25 per cent from the specified rate. 


several ways: 
(1) variable-ratio auto-transformer, 

(2) resistance-potential divider, 

(4) induction regulator, or 

(5) adjustable resistance in the primary 

circuit. 

Preference should be given to equipment having 
curve over the desired operating range. Motor 
drive, with variable speed control, should be 
preferred to manual drive because of the diffi- 
culty of maintaining a reasonably uniform rate 

(d) Voltmeter.—The voltage shall be meas- 
ured by an approved method which gives root- 

"mean-square values, preferably by means of: 

(1) A voltmeter connected to the secondary 

(2) An electro-static voltmeter in the high- 

voltage circuit, or 

(3) A voltmeter connected to a well-designed 

tertiary coil in the test transformer. 
of the testing transformer may be used only if 
the ratio of transformation does not change 
appreciably with load. 

(e) Rate of Rise of Voltage. —The rate of volt- 
of time reyuired to raise the voltage between two 
prescribed values. When motor-driven regu- 
lating equipment is used, the speed-control 
rheostat may be calibrated in terms of voltage 

23. Electrodes.—The electrodes shall be 
polished metal disks 1 in. in diameter with 
square edges, mounted with axes horizontal and 

coincident. 


(3) generator-field regulation, 
an approximately straight-line voltage-time 
of voltage rise with the latter. 

of a separate potential transformer, 

A voltmeter connected to the low-voltage side 
age rise may be calculated from measurements 
rise for any particular test transformer. 

24. Test Cup.—A special test cup with the 


electrodes rigidly mounted with their axes in a 
horizontal line shall be used. The test cup 
should be of such design that no part of it is less 
than 3 in. from any part of the test faces of the 
electrodes, when the latter are in the testing 
position. The total leakage and charging cur- 
rent of the test cup, when filled with a good grade 
of insulating oil, shall be less than 200 micro- 
amperes at 20 kv., 60 cycles. The test cup 
shall be made of a material of high dielectric 
strength, must be insoluble in, and unattacked 
by, any of the cleaning or test liquids, and non- 
absorbent to moisture, and the cleaning and test 
liquids. Wood is not a suitable material for the 
test cup. The top of the cup should be about 1} 
in. (33 mm.) above the top of the electrodes. 

25. Adjustment and Care of Electrodes and 
Test Cup.—(a) The electrodes and the test cup 
shall be wiped clean with dry, calendered tissue 
paper or with a clean, dry chamois skin. The 
spacing of the electrodes of the test cup shall be 
checked with a standard round gage having a 
diameter of 0.100 in. or flat steel ‘‘go” and “no- 
go” gages having thicknesses of 0.0995 and 
0.1005 in., respectively, and the electrodes locked 
in position. It is important to avoid touching 
the electrodes or the cleaned gage with the 
fingers or with portions of the tissue paper or 
chamois skin which have been in contact with 
the hands. The electrodes and cup shall then 
be rinsed with dry lead-free gasoline, Stoddard 
solvent, or dry, water-white kerosine until they 
are entirely clean. Care shall be taken not to 
touch the electrodes or the inside of the cup after 
cleaning, so as to avoid any possible contamina- 
tion. After thoroughly cleaning the test cup, 
it shall be filled with a sample of the cleaning 
fluid and voltage applied with uniform increase 
at the rate of approximately 3 kv. per sec. (rms. 
value) until breakdown occurs. If the break- 
down is not less than the established value of the 
oil being tested, the cup shall be considered in 
suitable condition for testing. If a lower value 
is obtained, the cup shall again be thoroughly 
cleaned and the test repeated. A cleaning fluid 
whese breakdown is not less than the estab- 
lished value of the oil being tested must be used. 

(b) At the beginning of each day’s testing, 
the electrodes shall be examined for pitting and 
carbon accumulation, and the spacing checked. 
The cup shall be thoroughly cleaned and tested 
as described in Paragraph (a). It shall then 
be flushed with a portion of the sample to be 
tested before it is filled for the test. 

(c) If the test of a sample is below the break- 
down value being used by the operator as a mini- 
mum satisfactory value, the cup shall be cleaned 
and prepared as described in Paragraph (2) 
before testing the next sample. 

Nore.—Evaporation of the cleaning fluid 
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to cause moisture to condense on their surfaces. 
For this reason, after the final rinsing with 
cleaning fluid, the cup must immediately be 
flushed with the oil to be tested, following which 
the cup should be filled for the test. 

26. Procedure: (a) Preparation of Sample. 
The dielectric strength of liquid dielectrics may 
be markedly altered by the migration of im- 
purities through the liquid. In order that 
representative test specimens may be obtained, 
the container shall be gently tilted or inverted 
and the oil swirled several times, before each 
filling of the test cup, in such a way that any 
impurities present will be thoroughly mixed with 
the dielectric. Too rapid agitation is undesir- 
able, as it introduces an excessive amount of air 
into the mixture. Immediately after mixing, 
the test cup shall be filled with oil to a height of 
not less than 20 mm. (0.787 in.) above the top 
of the electrodes. In order that entrapped air 
may escape, the container shall be gently rocked 
a few times and the oil allowed to stand in the 
cup for 3 min. before voltage is applied. 

(b) Temperature of Test.—The temperature 
of the sample when tested shall be the same as 
that of the room, but the room temperature shall 
inno case be less than 20 C. (68 F.). Testing at 
oil temperatures tower than room temperatures 
is likely to give variable results which may be 
misleading. 

(c) Application of Voltage. Voltage shall be 
applied and increased at a uniform rate of 3 kv. 
per sec. from zero until breakdown occurs as 
indicated by a continuous discharge across the 
gap. (Occasional momentary discharges which 
do not result in a permanent arc may occur; 
these should be disregarded.) 

27. Number of Tests: (a) Except as specified 
in Paragraph (6), one breakdown test shall be 
made on each of five fillings of the test cup. If 
the average deviation from the mean exceeds 10 
per cent or if any individual test deviates more 
than 25 per cent from the average, additional 
tests shall be made. The dielectric strength 
shall be determined by averaging the first five 
tests that conform to the permissible variations. 

(6) When oil is tested in considerable 
quantity, so that the time required for testing 
in accordance with Paragraph (a) is excessive, 
and when it is merely desired to determine 
whether the breakdown safely exceeds the limit 
specified, or in those cases where the amount of 
oil available for test may be very limited, one 
breakdown test shall be made on each of two 
fillings of the test cup. If neither breakdown 
is below this value, the oil may be considered 
satisfactory and no further tests shall be re- 
quired. If either-of the two breakdowns is less 
than the specified value a breakdown shall be 
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from the electrodes may chill them sufficiently 


. 


made on each of three additional fillings and test 
results analyzed in accordance with Paragraph 
(a). 

28. Report.—The report shall include the 
following: 

(1) Procedure used, whether Paragraph (a) 
or (b), Section 27. 

(2) The volts (rms. value) at each breakdown 
and the average of the five breakdowns. All 
results shall be reported to the nearest kilovolt. 

(3) The approximate temperature of the oil 
at the time of the test. 

Tentative revision, submitted, June, 1940; 
Modified, June, 1943; June, 1944. 


Power Factor and Resistivity—Add 
the following new sections covering test 
procedures for power factor and resis- 
tivity, including an Appendix describing 
the test cells: 7 


PowER FACTOR AND RESISTIVITY 


29. General.—Power factor and resistivity 
shall be determined in accordance with the 
general procedures outlined in the Tentative 
Methods of Test for Power Factor and Dielectric 
Constant of Electrical Insulating Materials 
(A.S.T.M. Designation: D 150),5 and Standard 
Methods of Test for Insulation Resistance of 
Electrical Insulating Materials (A.S.T.M. Desig- 
nation: D 257). 

30. A pparatus.—The cell to be used for test- 
ing the oil shall be suitable for measuring 
power factors ranging between values of 0.0001 
and 0.25. One form of test cell has been found 
satisfactory and is described in the Appendix. 
Cells of slightly different construction from the 
one described have been used with satisfactory 
results. 


T 


APPENDIX 


REQUIREMENTS FOR CELLS USED FOR 
MEASURING Low POWER FAcTOR 


Al. Design of Cell.—-A cell for the purpose of 
measuring power factor and resistivity of 
electrical insulating oils should meet the follow- 
ing general requirements: 

(a) The design of the cell shall be such as to 
facilitate easy and thorough cleaning. The 
design, also, shall conveniently permit the use 
of the cell in a suitable temperature bath and 
means shall be provided for measuring the 
temperature of both electrodes. 

(b) The materials used in constructing the 
cell shall be capable of satisfactorily withstand- 
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of the electrodes shall not be influenced by this 
temperature. 

(c) The electrodes or their surfaces shall be 
made of a metal capable of resisting attack by 
mild acids found in certain insulating liquids 
such as petroleum oil, particularly after pro- 
longed exposure at elevated temperatures. 
Metals which have been found satisfactory from 
this standpoint are gold, nickel, monel, and 
platinum. In general, plated surfaces have been 
found less satisfactory than solid metal electrodes 
for measuring low power factor liquids. Plated 
surfaces that may be satisfactory for testing 
liquids with low acidity and for short periods of 
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Fic. 1.—Power Factor Cell With Heater. 


_ time are gold, platinum, nickel, chromium over 
nickel, or rhodium. 

(d) A guard electrode shall be provided which 
adequately shields the measuring electrode. A 
shielded wire or coaxial cable shall be used to 
connect the guard and measuring electrode either 
_ directly or by a plug to the bridge. 

(e) The solid insulation used to support the 
et electrode relative to the measuring elec- 


trode shall not extend into the portion of the 
sample being tested. 

(f) The insulating materials used in construct- 
ing the cell shall not absorb or be adversely 
affected by the test liquids, or cleaning solvents. 
Their power factor is preferably low, particu- 
larly that between the guard and measuring 


REpoRT OF CommiTTEE D-9 (APPENDIX I) 


electrodes, otherwise difficulty may be experi- 
enced in balancing the guard circuits at elevated 
temperatures. Insulating materials that have 
proven satisfactory are pyrex glass, quartz, 
steatite, and the better phenolic resin com- 
pounds. Thermoplastic materials such as hard 
rubber and polystyrene, although having good 
electrical properties, are not suitable as they 
soften below 130 C. Insulating materials of the 
molded mica-dust type have been found to 
absorb solvents and therefore may not be satis- 
factory in the measurements of low power factor 
liquids. However, they are excellent materials 
for supporting the cell in the temperature bath. 

(g) In designing the cell the distance across 
the surface of the oil and across the solid insulat- 
ing material, between the guard and the measur- 
ing electrode, shall be great enough adequately 
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Fic. 2.—Power Factor Cell. 


to withstand the testing potential used. Leak- 
age across these paths has been found to produce 
an unsteady bridge balance on some bridges 
(hk) A cell and heater bath design that i 
available and is used successfully by several 
testing laboratories is shown in Fig. 1. Its vol- 
ume is 8 ml. The voltage limit is 1000 v. and 
the capacitance with oil having a dielectric 
constant of 2.2 is about 70 micro-microfarads. 
(i) For routine work, cells on the same design 
principles, with particular attention to quickness 
of assembly and suitable for higher voltages ma) 
be desirable. Several laboratories use cell 
designs similar to Fig. 2 which are commercially 
available. This design requires about 90 ml. « 
oil and is suitable for use up to 3 kv. the capaci 
tance with oil being about 180 microfarads. 
A2. Cleaning Procedure.—The following 1s 4 
suggested method for cleaning the cell: 
(a) Fill the test cell with technical grade 


carbon tetrachloride, insert the inner electrode 
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and bring to a boil on a hot plate. Empty, and 
repeat this procedure until the carbon tetra- 
chloride poured off is clean. 

(b) Wash the inner and outer electrodes with 
lava soap and water to remove films left by the 
carbon tetrachloride, taking precautions not to 
lay the inner electrode on any surface. The use 
of the lava soap will keep the cell surfaces 
polished. Rinse all surfaces with distilled water. 
Place the cell in an oven and maintain 
at 115 C. for at least 1 hr. prior to taking 
measurements. 

A3. Filling the Cell.—(a) Remove the cell 
from the oven and rinse the electrodes with some 
of the sample oil to be tested which has been 
heated to approximately the test cell tempera- 
ture. Fill the cell with the sample oil which has 
been heated to approximately the test cell 
temperature. Permit the assembly to cool to 
approximately the temperature at which the 


measurements are to be taken and place in a 
temperature-controlled device. Remove bolts 
and handles and connect the cell to the measur- 
ing bridge using the guard screen. Measure 
when the temperature is within plus minus 0.5 C. 
of the required value. 

(b) Remove the inner electrode, pour off this 
sample and refill with a second, taking the same 
precautions as were observed in the first filling 
and make another measurement. If these two 
values disagree by more than 0.0001 + 10 per 
cent of the measured power factor, refill and 
make a third measurement. 

(c) If the third value does not agree with 
either the first or second measured values to 
within 0.0001 + i0 per cent of the measured 
power factor, reclean the cell and repeat the 
procedure until two successive readings are ob- 
tained which do agree to within 0.0001 + 10 


per cent of the power factor. 
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APPENDIX II 


PROPOSED METHODS OF TESTING ASKARELS':? 


This is a proposed method and is published as information only. 
Comments are solicited and should be addressed to the American 


Society for Testing Materials, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 


1. These methods of testing apply to 
askarels, synthetic nonflammable type 
insulating liquids which, when decom- 
posed by the electric arc, evolve only 
nonexplosive gaseous mixtures. 


Note.—Various materials have been used 
successfully in taking, storing, and testing 
samples of askarels. Until experience has 
developed a strong preference, materials referred 
to in these methods will be understood to be 
approved but not specified. 


SAMPLING 
General 


2. Samples from shipments of askarels 
shall be taken in such a manner that 
they will be representative of the ship- 
ment. Samples from askarels in service 
shall be taken in such a manner that 
they will represent the portion of liquid 
in poorest condition. 


Sampling Apparatus 


3. (a) General—Sampling apparatus 
shall be made of materials which will 
have no appreciable effect upon the test 
results. Approved materials are glass, 
stainless steel, or chromium-plated metal. 
Sampling apparatus shall be specially 
constructed for consistently withdrawing 


These p methods are under the jurisdiction 
of the A.S.T.M. Committee D-9 on Electrical Insulating 
Materials. 
? Published as information, June, 1943; Revised, June, 
45. 


samples from various types of containers 
or electrical apparatus. 


Nore 1.—The sampler shown in Fig. 1 is so 
constructed that it may be used in taking either 
a top or a bottom sample. In either case the 
sample is released at the bottom of the sampler. 

Nore 2.—The sampler shown in Fig. 2 is of 
the cream dipper type. Liquid enters the dipper 
at the top and is released into the sample bottle 
by opening the valve at the bottom. 

Note 3.—The sampler shown in Fig. 3 is of 
the vacuum type. It consists of a bottle fitted 
with a 2-hole cork stopper, glass tubing and a 
syringe bulb. Liquid is drawn through the 
giass tubing into the bottle by means of a partial 
vacuum produced by operation of the bulb. 


(b) For Drums.—For sampling drums 
the apparatus shall be so designed that 
liquid will enter the top of the sampler 
cup when the cup is submerged approxi- 
mately } in. 


Note 4.—A convenient and simple device 
for sampling drums is of the cream dipper type 
shown in Fig. 2. 


(c) For Cans.—For sampling cans of 5- 
gal. capacity or larger an apparatus of the 
dipper type, Fig. 2 may be used, or an 
apparatus of the vacuum type shown in 
Fig. 3 may be used. 

(d) For Tank Cars.—For sampling 
tank cars the sampling apparatus may 
be of the type shown in Fig. 1. This is 
a modification of the type shown in Fig. 
2 of the Standard Methods of Testing 
Electrical Insulating Oils (A.S.T.M. 
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Designation: D117) of the American 
Society for Testing Materials.* _ 


4. (a) The following may be used as 
containers for the samples: 

(1) Tin cans, 

(2) Cork-stoppered or glass-stoppered 
dark-glass bottles, and 

(3) Cork-stoppered or glass-stoppered 
clear-glass bottles in light-proof 
cartons. 


Sample Containers 


Valve Stem 
Threaded for 
2" Length ~~__ 


Valve Head 
Screwed on Stem.__4 


> 


om 
Collar Screwed ~~ 
an Stem and Locked 
Against Valve Head 


I"dam. Solid Brass 


Ball Valve with 
Hemispherical Seat 


-------------9$ 


~--------- 8 


Valve Seat Screwed 
into Bottom, having ,, 
Four Lugs $ “High by g Wide-” 


Note.—Thief may be used for taking top or bottom 
ap le from tank car. For bottom sample use as shown 
etch. For top sample screw valve head and collar 
shout -in. up on stem so that top valve remains fixed in 
open position, and submerge thief just below liquid level. 


Fic. 1.—Sampler for Tank Cars. 


Nore.—The dark-glass bottle has the ad- 
vantage that it protects the sample from the 
elects of bright light. The clear-glass bottle 
offers the advantage that it may be examined to 
see that it is clean. It also allows visual 
inspection of the liquid before testing, permitting 
the detection of free water or solid impurities. 


(b) The containers shall be clean and 


* 1944 Book of A.S.T.M. Standards, Part III. 
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dry. Samples placed in glass bottles 
shall be kept in the dark if subsequent 
testing is to include color, neutralization 
value, power factor or resistivity. For 
this reason light-proof cartons with 
covers shall be provided for each bottle 
into which the bottle with its sample of 
liquid shall be placed immediately after 
sampling. If cork stoppers are used 
they shall be covered with tin or alumi- 
num foil. 


If glass-stoppered bottles 


are used, precaution shall be taken to 


insure that perfectly fitting stoppers are 
secured. A tin can fitted with a screw 
cap protected with a cork disk faced 


j 


with tin or aluminum will endure harder | 


usage. 
having seams soldered on the exterior 
surfaces. 


Cleaning of Sampling Apparatus and 
Sample Containers 


5. (a) General.—All sampling appara-— 
tus and sample containers shall be 


Tin cans shall be of the type ~ 


cleaned thoroughly before using, special] , 


care being taken that no lint or other 
fibrous material remains in or on them. 
Care shall be taken to insure the com- 


plete removal of all traces of soldering 


flux from new containers. 


Norte.—Alcohol is a good solvent for solder- 
ing flux. 


(b) Sampling Apparatus—Sampling 
apparatus, before using, shall be cleaned 


by rinsing with dry, lead-free gasoline, — 
Stoddard solvent, or carbon tetrachlo- 


ride, and dried in the hot cabinet of the 
type described in Section 6 (a). 


The 


best procedure is to rinse it after the 
sampling has been finished and then 


place it in the hot cabinet, as in this way 


it will be ready for use without further 
cleaning when the next samples are to 


be taken. ‘The rinsing material shall be 


used but once and then discarded. 


(c) Sample Containers—Sample con- 


tainers, before using, shall be rinsed 
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with lead-free gasoline and dried. They 
shall then be washed with strong soap- 
suds, rinsed thoroughly with distilled 
water and then dried by passing a cur- 
rent of dry, clean, warm air through the 
containers, after which they shall be im- 
mediately placed in the hot cabinet 
described in Section 6 (a). A similar 
washing will be sufficient for re-use of 
_ the containers that have held new liquid 
but those which have contained used 
liquid shall be washed with both lead-free 
gasoline and benzol before being washed 
soapsuds. 


Storage of Sampling Apparatus and 
Sample Containers 


6. (a) General.—After cleaning and 
until required, all sampling apparatus 
and sample containers shall be kept in a 
dry, dust free, hot cabinet in which an 
air temperature of approximately 60 C. 
shall be maintained. 

(b) Sampling Apparatus.—Sampling 

q apparatus shall be kept at all times in a 
vertical position in the hot cabinet in a 

{ rack having a suitable drainage recep- 
tacle at the base. 

(c) Sample Containers.—Containers 
for samples, after being washed and 
dried as described in Section 5 (c), shall 

be kept unstoppered while in the hot 
cabinet and shall be sealed immediately 
on removal. During the preparation 

and subsequent handling of the con- 
tainer when introducing the sample, care 

shall be taken that the operator’s fingers 
do not touch the lip of the container. 


_ Procedure for Sampling New Askarel 
7. (a) It is recommended that 1 qt. 
of liquid be taken as a sample if complete 
i physical and chemical tests are to be 
_ made and 1 pt. if only dielectric strength 
tests are tobe made. Sample containers 
should not be completely filled, about 
10 per cent of the volume being left for 
expansion. 
(b) Samples shall not be taken from 


4 


containers until the liquid is at least as 
warm as the surrounding air. 

(c) Sample containers and sampling 
apparatus shall be rinsed with the liquid 
about to be sampled. 

(d) Drums and cans shall be prefer- 
ably sampled indoors and shall be kept 
undisturbed for at least 12 hr. before 
samples of liquid are taken. 


4 by4" Steel Handle 


with T-Grip at Top 


! 
Knob Screwed on Stem~. 7 
Valve Stem of $ Steel Rod._ 


Bracket of 5’ by $ Steel with 
ig Clearance Holes for Stem. 


Screw Right of Center Line” 


Screw i Left of Center Line 


Metal Tube 

Open at Top --~ | 
! 
Tube Wall Pressed 
mand Handle Brazed 
on with Smooth Finish 
Flush with Outer 
Diameter of Tube ity 
(Approx) 


_ Fic. 2.—Sampler for Drums. 


(e) Drums of liquid to be sampled 
shall be lined up, preferably on their 
sides with their bungs up. The bungs 
shall be unsealed, removed and laid with 
the liquid contact sides up beside the 
bungholes. The dipper type sampler 
(Fig. 2) shall be lowered into the liquid 
until the lip of the cup is approximately 
tin. below the surface of the liquid. 
When the sample has been transferred 
to the sample container, both the drum 
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and the sample container shall be closed 
at once. 

(f) When sampling containers such as 
cans of 5-gal. capacity or other small con- 
tainers with the dipper type sampler 
(Fig. 2), the sampler shall be manipu- 
lated as in sampling drums or barrels. 
When using the vacuum type sampler 
(Fig. 3) the length of stem below the 
stopper shall be so adjusted that air 
bubbles are entrained as the sample is 


Vacuum Applied Here 
_ with Rubber Bulb or 


Cork Stopper 


K-25 


Sample 
Bottle 


<--Glass Tubing 

(May be extended in 
specia/ cases when 
required to sample 
U at greater depths 
in container etc.) 


Note.—In the case of samples for extremely sensitive 
tests such as power factor there is some evidence to indi- 
cate that brass or copper thiefs may affect the test results. 
The chemically clean glass thief is used to take samples 
for such tests from both S-gal. cans and drums of new ma- 
terial. In special cases, it is used to sample apparatus in 


Fic. 3.—Glass Sampler for Cans. 


being drawn. This insures inclusion of 
a portion of the “surface layer.” When 
the sample has been taken, the liquid 
container and the sample container shall 
be closed at once. 

(g) Tank cars of liquid shall be sam- 
pled by means of a sampler of the type 
shown in Fig. 1. Both top and bottom 
samples shall be taken, as follows: 

(1) In taking a top sample the upper 
valve head shall be so adjusted on the 
threaded shaft that it is held about 
tin. above the top of the sampler. 

The sampler shall be lowered into the 
liquid so that the top is approximately 
tin. below the liquid surface. The 
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sample shall be transferred to the 7 
sample container by lifting the valve 
stem and so opening the lower valve. 
(2) In taking a bottom sample the 
upper valve head shall be screwed 
down upon the collar in which position 
both valves remain closed until the 
stem is lifted. Displacement of air 
through the top valve largely prevents — 


inflow of liquid through the top valve 
so that the sample is essentially a 
bottom sample. 
tainer shall be stoppered immediately 
after it has been filled. 
(h) When samples are being taken 
from different sources, precautions shall 
be taken to clean the sampler so as to 
prevent possible contamination of 
samples. 

(i) Samples in either dark-glass or 
clear-glass bottles shall be stored in the 
dark. 


Procedure for Sampling Liquids 
Service 


in 


8. (a) It is recommended that 1 qt. 
of liquid be taken as a sample if com- 
plete physical and chemical tests are to 
be made and 1 pt. if only dielectric 
strength tests are to be made. 
containers should not be completely 
filled, about 10 per cent of the volume 
being left for expansion. 


tions 5 and 6 regarding the cleaning and 
storage of sampling apparatus and sam- 
ple containers shall be observed as far 
as practicable. 


Nore 1.—As a precaution against moisture 
absorption, unnecessary exposure of askarel 
to the atmosphere should be avoided. 


(c) Sample containers and sampling 
apparatus shall be rinsed with the liquid 
about to be sampled. 

(d) The sampling of askarel in service 
is complicated by the fact that samples 
for electrical tests must be taken at the 


Sample 


The sample con- 


(b) The precautions outlined in Sec-. 
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- top surface of the liquid while samples 
for sediment must be taken from 
the bottom. Many transformers are 
equipped with a special sampling valve 
located just below the surface of the 
liquid. This valve terminates in a bent 
tube, open at the end, inside the trans- 
former. This tube may be rotated about 
the horizontal center line of the valve 
as an axis, by a control knob on the out- 
_ side of the transformer. The tube con- 
nects to an outlet on the outside of the 
transformer, the opening normally being 
capped. When not in use this tube is 
turned so that it points vertically up- 
ward. In this position the open end is 
above the surface of the liquid. 

To take a sample the outside cap shall 
be removed and the tube rotated to a 
horizontal position. With the tube held 
in this position, just enough liquid shall 
be drawn off to flush the tube. This 
shall not be drawn into the sampling 
container. After the flushing, the tube 
shall be returned to the vertical position 
and the sample container substituted for 
the receptacle used for flushing. With 
the sample container held under the out- 
let, the tube shall then be turned until 
liquid just begins to flow freely through 
the tube. The tube shall be held in this 
position until a sufficient sample has 
been withdrawn; it shall then be re- 
turned to the vertical position. 


Notre 2.—In humid weather it is advisable 
to attach a metal fitting (cleaned as specified in 
Section 5) to extend from the valve into the 
sample container to prevent contamination of 
: the sample by atmospheric moisture. 


(e) Apparatus 
special sampling valves may be sampled 
either by means of the dipper type 
sampler (Fig. 2) or the vacuum type 


not equipped with 


sampler (Fig. 3). In using the vacuum 
type sampler, the end of the tube in the 
transformer shall be so adjusted that 
air bubbles are entrained as the sample 
is being drawn. 


(f{) Samples in either dark-glass or 
clear-glass bottles shall be stored in the 
dark. 


SpeciFIc GRAVITY 
Definition 


9. The specific gravity of askarels is 
the ratio of the weight of a given volume 
of the material at a temperature of 60 F, 
(15.56 C.) to the weight of an equal 
volume of distilled water at the same 
temperature, both weights being cor- 


rected for the bouyancy of air. y 
Apparatus 


10. (a) Hydrometer.—A hydrometer of 
the conventional floating glass type, 
calibrated in terms of specific gravity 
shall be used. The range of the instru- 
ment shall be any suitable portion of the 
interval between 1.0000 and 2.0000, with 
the scale divided in 0.001 of a unit of 
specific gravity, and the scale divisions 
spaced not less than 0.75 mm. (9.03 in.) 
nor more than 1.5 mm. (0.06 in.) apart. 
The scale shall be so marked that it can 
be easily read, and the accuracy of the 
calibration of the hydrometer shall be 
such that the error at any point of the 
scale shall not exceed 0.0005. 

(b) Hydrometer Cylinder—The re- 
ceptacle in which the liquid is tested 
shall be a cylinder made of clear glass. 
The inside diameter of the cylinder shall 
be at least 2.54 cm. (1.0 in.) greater than 
the outside diameter of the hydrometer 
and the height of the cylinder shall be 
such that the column of liquid under 
test exceeds by at least 2.54 cm. (1.0 in.) 
the submerged portion of the hydrometer 
after a state of equilibrium has been 
reached. 

(c) Thermometer—An A.S.T.M. ther- 
mometer of the total immersion type and 
conforming to the requirements pre- 
scribed in the Standard Specifications for 
A.S.T.M. Thermometers (A.S.T.M. De- 
signation: E 1),3 shall be used in taking 
the temperature of the liquid under test. 
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(d) Temperature-Control A pparatus.— 
Suitable apparatus shall be provided for 
controlling the temperature of the liquid 
under test to 60 + 1 F (15.56 + 0.56 C.). 
This may consist of a liquid bath, into 
which the hydrometer cylinder is placed, 
or a conditioning chamber in which 
temperature-controlled air is the regu- 
lating medium. 


Procedure 


11. (2) The measurement of specific 
gravity shall be made at a temperature 
of 60 F. (15.56 C.). The sample to be 
tested shall be poured into the clean 
hydrometer cylinder without splashing, 
so as to avoid, as much as possible, the 
formation of air bubbles. If air bubbles 
are formed, they shall be removed after 
they have collected on the surface by 
touching them with a piece of clean 
blotting or filter paper before the hy- 
drometer is placed in the sample. The 
hydrometer and thermometer shall then 
be placed in the liquid and the cylinder 
placed in the conditioning medium and 
kept there until the required temperature 
of sample as indicated by the thermom- 
eter, is reached. An occasional gentle 
stirring will facilitate reaching the desired 
temperature. If a liquid bath is used, 
the apparatus should be set up in a 
location as free from air currents as 
possible. If an air conditioning chamber 
is used, any fans used for air circulation 
shall be shut off as soon as the test 
temperature is reached, so that dis- 
turbance from air currents will be 
minimized. 

(b) When the liquid under test has 
reached the test temperature, the hy- 
drometer shall be raised slightly and the 
stem carefully wiped clean, after which 
it shall be lowered slowly into the sample 
to a level of two smallest scale divisions 
below that at which it will float, and 
shall then be released. When the hy- 
drometer has come to rest, floating 
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freely away from the walls of the cylin- 
der, the specific gravity shall be read and 
recorded. In the case of transparent 
liquids, the hydrometer shall be read 
with the eye at the level of the surface 
of the liquid and at the point where the 
bottom of the meniscus of the liquid 
intersects the hydrometer scale. In | 
the case of nontransparent liquids, the 
hydrometer shall be read at the highest 
point on the scale to which the liquid 
rises. This reading shall then be cor- 
rected by an amount equal to the height 
to which the liquid rises on the hydro- 
meter scale above the main surface of 
the sample. 

(c) The thermometer in the sample 
shall be read immediately after the 


specific gravity is determined. 
Reproducibility of Results a 

12. (a) Duplicate determinations 
shall agree within 0.001 unit of specific 
gravity when the same hydrometer and 
thermometer are used in the tests. 

(b) Separate laboratories using differ- 
ent hydrometers and thermometers 
should obtain duplicate results, agreeing 
within 0.002 unit of specific gravity. 


Preparation of Reference Standards a 


13. (a) Dissolve 1.245 g. of potas- 
sium chloroplatinate (K2PtCle) contain- 
ing 0.5 g. of platinum, and 1 g. of crys-— 
tallized cobaltous chloride (CoC],-6H,O) 
containing about 0.25 g. of cobalt in 
water with 100 ml. of HCl (sp. gr. 1.18). 
Dilute to 1 liter with distilled water. 
This solution has a color of 500. 

(b) To prepare reference standards 
having colors of 5, 10, 15, 20, 25, 30, 
35, etc., dilute 0.5, 1.0, 1.5 ml., etc., of 
the solution prepared as described in 
Paragraph (a) with distilled water to 
50 ml. in 50-ml. tall-form Nessler tubes. 
Protect the reference standards from 
evaporation when not in use. 
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(c) The unit of color is that color pro- 
duced by 1 mg. of platinum per liter. 


Procedure 


14. (a) The color of the sample shall 
be observed by filling a matched Nessler 
tube to a height equal to that in the 
reference standard tubes with the liquid 
to be examined and comparing it with 
the reference standards. The deter- 
mination shall be made by looking ver- 
tically downward through the tubes upon 
a white or mirrored surface placed at 
such an angle that light is reflected 
through the columns of liquids. 

(6) This method is good only up to a 
color intensity of about 100. For read- 
ing higher values the sample should be 
diluted with water-white benzol and the 
color obtained by multiplying by the 


dilution ratio. 


15. Colors between 1 and 100 shall 
be recorded to the nearest 5. Colors 
between 101 and 300 shall be recorded 
to the nearest 10. Colors above 300 
shall be recorded in accordance with the 
Tentative Method of Test for Color of 
Lubricating Oil and Petrolatum by 
Means of A.S.T.M. Union Colorimeter 
(AS.T.M. Designation: D 155) of the 
_ American Society for Testing Materials.‘ 


Procedure 


16. Viscosity shall be determined in 
accordance with either the Standard 
Method of Test for Viscosity by Means 
of the Saybolt Viscosimeter (A.S.T.M. 
Designation: D 88)* or the Tentative 
Method of Test for Kinematic Viscosity 
(A.S.T.M. Designation: D 445)* of the 
American Society for Testing Materials 
and, unless otherwise specified, at a tem- 


Recording Colors — 
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FIRE POINT) 
Procedure 


17. Askarels as such have no fire 
point. As a test for appreciable con- 
tamination by flammable liquids the 
lack of a fire point shall be verified in 
accordance with the Standard Method 
of Test for Flash and Fire Points by 
Means of Open Cup (A.S.T.M. Desig- 
nation: D 92) of the American Society 
for Testing Materials. The verification 
temperature shall be 200 C. (392 F.). 


Pour 
Procedure 


18. Pour point shall be determined 
in accordance with the Standard Method 
of Test for Cloud and Pour Points 
(A.S.T.M. Designation: D 97) of the 
American Society for Testing Materials.’ 


NEUTRALIZATION NUMBER 
Procedure 


19. Neutralization number shall be 
determined in accordance with the Ten- 
tative Method of Test for Acid and Base 
Numbers of Petroleum Products by 
Color-Indicator Titration (A.S.T.M 
Designation: D 663) of the American 
Society for Testing Materials. Neu- 
tralization number may also be deter- 
mined in accordance with the Tentative 
Method of Test for Acid and Base 
Numbers of Petroleum Products by 
Electrometric Titration (A.S.T.M. Des- 
ignation: D 664)* if it is desired to use 
an electrometric titration method. 


Nature of Test 


20. This method applies to the quan- 
titative determination of the free chlo- 
rides in askarels. 


FREE CHLORIDES 


Extraction of Chlorides 


_ perature of 37.8 C. (100 F.). 


4 4 to Book of A.S.T.M. Standards, 
Part I 


21. (a) A 50-ml. sample of askarels 
shall be heated to 90 to 100 C. (194 to 
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212 F.), placed in a chemically clean Dissolve 50 g. of neutral potassium — 


100-ml. separatory funnel and extracted 
with two portions of hot (90 to 95 C. 
(194 to 203 F.)) chloride-free distilled 
water. The total weight of water shall 
be equal to that of the 50 ml. of askarel 
tested. The first extraction shall be 
made using approximately two thirds of 
the water. The second extraction shall 
be made using the remaining one third 
of the water. 

(b) Extraction shall be made by stop- 
pering the funnel and shaking the askarel- 
water mixture vigorously for a minimum 
of 20 sec. After allowing to settle, the 
water extracts shall be separated into a 
clean centrifuge flask. The first and 
second extracts shall then be combined 
and mixed thoroughly. 

(c) The combined water extracts shall 
be centrifuged until the water shows a 
negative Tyndall beam effect. 


Apparatus 


22. (a) Burette—A 10-ml. burette 
graduated in subdivisions not greater 
than 5 ml. 

(b) Evaporating Dish.—A clean white 
porcelain evaporating dish of at least 


150-ml. capacity. 
Reagents 


23. (a) Standard Sodium Chloride So- 
lution.—Dissolve 0.824 g. of pure fused 
sodium chloride in distilled water and 
make up to 1 liter. Dilute 100 ml. of 
this solution to 1 liter. One milliliter 
of this dilute solution contains 0.05 mg. 
of chloride radicle. D stilled water shall 
be chlorine free. 

(b) Standard Silver Nitrate Solution. 
Dissolve about 0.24 g. of silver nitrate 
crystals in 1 liter of distilled water. 
Titrate against the above standard 
sodium chloride and adjust silver nitrate 
solution so that 1 ml. will be exactly 
equivalent to 0.05 mg. of chloride 
radicle. 


(¢) Potassium Chromate Indicator.— 


silver nitrate used in the test. 


chromate in a little distilled water. Add — 
silver nitrate to produce a slight red 
precipitate. After a day or two, filter 
and dilute the filtrate to 1 liter with 
distilled water. 


Procedure 


24. Prepare a solution for the purpose 
of color reference by adding 1 ml. of 
chromate indicator to 50 ml. of distilled 
water in a clean evaporating dish, and 
titrate with the standard silver nitrate, 
adding the solution drop-by-drop while 
stirring constantly until a very slight 
reddish tinge, when compared with the 
reference standard, is produced that will © 
persist for several minutes. The end 
point is very sharp if the test is per- 
formed in a darkened room tndh 
with a yellow light. 

Note.—In case the chloride content is less 
than 5 ppm. a large amount of askarel should be 


treated to give 100 ml. of water extract for test 
and the proper factor applied. 


Report 
25. The chloride content shall be 


reported in parts per million which is 
numerically equal to the milliliters of 


ARC-FORMED GASES 
Apparatus 

26. The apparatus shall consist of the 
following: 

(a) Glass Container—A glass con- 
tainer of not less than 2-0z. capacity, 
fitted with suitable electrodes and outlet 
for gases. 

(b) Glass Tube.—Glass tube filled 
with lightly-packed glass wool for re- 
moval of carbon particles from gases of 
decomposition. 

(c) Graduated Container.—Graduated 
container for collection of gases by dis- 
placement of a suitable liquid. 

(2) Gas Apparatus—An Orsat or 
Burrell apparatus for analysis of the 


gases. 
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Procedure 


27. (a) Any convenient glass vessel 
fitted with electrodes may be used. A 
suitable set-up has been made using for 
the sample holder a 2-0z. screw-cap type 


bottle fitted with a rubber stopper with 


two brass electrodes (} to }-in. rod) 
and a glass tube outlet for the gases. 
Arc-formed gases shall be led (in series 
with the glass wool filter) to the gas 
collection and measuring burette. After 
clamping in place, the vessel shall be 
filled to three fourths of its capacity 
with the liquid to be arced. 

(b) Electric current (110 v.d.c.) shall 
then be connected externally to the elec- 
trodes. The line should contain a re- 
sistance of 4 to 5 ohms. Arcing shall 
be carried out by manual make-and- 
break of the electrodes in the liquid. 
The external portion of the electrodes 
should be insulated. 

(c) Analysis of the sample for-carbon 
dioxide, unsaturated hydrocarbons, oxy- 
gen, carbon monoxide, saturated hydro- 
carbons, and hydrogen shall be carried 
out in the usual manner. 

(d) The gas shall first be collected 
over trichlorbenzene or carbon tetra- 
chloride which has been saturated with 
hydrogen chloride gas. The first ab- 
sorption pipette of the gas analyzer shall 
then be filled with water and the halogen- 
containing gas determined by the per- 
centage of gas absorbed at this stage. 
The residue shall then be submitted to 
the regular analysis for the gases pre- 

viously mentioned. In order that no 
combustible gases may pass undetected, 
the explosion test for hydrogen and the 
saturated hydrocarbons should be car- 
ried out with oxygen. 


Precautions 


28. (a) Before collecting gases for 
- analysis, the connecting tubing of the 
apparatus shall be flushed out using a 
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total of not less than 100 ml. of the arc- 
formed gases. 
(b) Check tests shall be made on fresh 


samples of the liquid. 


REFRACTIVE INDEX 7 
Apparatus 


29. The apparatus shall consist of the 
following: 

(a) Refractometer—An Abbé refrac- 
tometer with scale graduated directly in 
terms of refractive index of the D line of 


sodium at a temperature of 20 C. 


(b) Water Supply—A water supply 
which may be varied as to temperature. 


Procedure 


30. (a) The refractometer shall be 
placed in front of a suitable source of 
light (either daylight or electric light), 
the thermometer inserted and circulation 
of water adjusted so as to bring the 
prisms to the desired temperature (usu- 
ally 20 C.). A drop of the liquid to be 
tested shall then be spread upon the 
upper prism after which the lower prism 
shall be turned over and clamped. The 
mirror shall then be adjusted so that the 
light enters the telescope. The eye- 
piece shall be focussed on the cross- 
hairs and the reading lens on the scale. 
Upon moving the prism arm, a position 
can now be found where the lower part 
of the field is dark and the upper part 
light. In general, the border line will 
be colored and this is corrected by turn- 
ing the milled head on the right of the 
telescope so that a sharp black and white 
edge is obtained. The prism arm is 
now moved until this black edge just 
crosses the intersection of the cross- 
hairs. The refractive index shall then 
be read off on the scale, the fourth deci- 
mal place being estimated. 

(b) The accuracy of the instrument 
may be checked by a small test plate of 
known refractive index which is sup- 
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plied with the refractometer. This test 
plate shall be attached to the upper 
prism with a liquid of high refractive 
index (usually mono-brom naphthalene). 
Errors may be corrected by means of a 
small adjusting screw on the back of the 
telescope. 


DIELECTRIC STRENGTH 


Note.—A method for determining dielectric 
strength of askarels is in preparation by the 
Meanwhile, reference should be 


committee. 


made to the method of test for liquid dielectrics 
in the Standard Methods of Test for Dielectric 
Strength of Electrical Insulating Materials 
at Commercial Power Frequencies (A.S.T.M. 
Designation: D 149).3 


POWER F 


NoteE.—A method for determining power 
factor of askarels is in preparation by the com- 
mittee. Meanwhile, reference should be made 
to the method of test for liquids in the Tentative 
Methods of Test for Power Factor and Dielectric 
Constant of Electrical Insulating Materials 


(A.S.T.M. Designation: D 150).4 
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APPENDIX III 


REPORT ON RESULTS OF QUESTIONNAIRE TO UTILITIES RELATING 


At the meeting in Philadelphia, Pa. 
on February 22, 1944, of Subcommittee 
IV on Insulating Liquids, of A.S.T.M. 
Committee D-9 on Electrical Insulating 
Materials, it was decided to send a 
questionnaire to utility companies re- 
questing data and information regarding 
their tests and procedures in appraising 
the serviceability of oil in transformers 
in service. Suggestions were offered 


by the chairman and other committee 
members to outline some of the principal 


questions generally regarded as most 
pertinent, in determining just which 
tests are used by various companies as 
criteria of serviceability and the ranking 
of these tests as to their relative im- 
portance. Special emphasis was given 
to the purpose of determining the 
importance attached to the test for 
dielectric strength and whether the 
sludging of transformer oil is a very 
- serious problem at the present time. 

In accordance with this general advice 
and subsequent more direct assistance 
by F. M. Clark, a questionnaire was 
prepared by the undersigned and mailed 
April 28, 1944, to 92 electric utility 
companies in the United States. The 
mailing list included the larger utilities 
and a special effort was made to get wide 
distribution geographically. An index 
of the various companies who replied 

vis listed alphabetically in Table I. 
The questionnaire in condensed ar- 
rangement was presented as follows: 
Question I.—Please list in the order of 


TO TESTS ON TRANSFORMER OIL IN SERVICE 
REPORT OF SUBCOMMITTEE IV ON INSULATING LIQUIDS 
OctToBER 12, 1945 


their relative importance, the tests 

that you consider to be significant in 

testing transformer oil in service to 
judge its suitability for continued use. 

Question II.—Just which tests do you 
always make on the oil to appraise its 
serviceability and what is your allow- 
able limit for each test? 

Question III.—Do you make these tests 
periodically at a fixed time interval? 
If so, what is the time interval? 

Question IV.— What supplementary tests 
do you sometimes make in addition to 
those noted under Question II to 
judge serviceability and what is the 
allowable limit for each? 

Question V.—What tests have you 
investigated in the past and aban- 
doned as not being worth continuing? 

Question VI.—In general, is the sludging 
of oil a serious problem today? Give 
further information if possible, re- 
garding: Approximate date of manu- 
facture of transformers where excessive 
sludging occurs; average load of such 
transformers (in per cent of normal); 
types of construction (that 1s, 
“open breather,” “conservator,” oF 
“sealed”); and what steps are taken 
to reduce or eliminate cases of exces- 
sive sludging. 

The first progress report and summary 
of results was made to Subcommittee IV 
at the meeting on June 29, 1944, in 
New York, N. Y. At this date, a total 
of 53 replies had been returned. In 
accordance with the suggestion of vati- 
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ous committee members and the chair- 
man, a follow-up letter was sent out 
early in August to stimulate replies 
from those who had failed to answer. 
The ultimate total of replies reached the 
figure of 67, or approximately 73 per cent 
of all companies contacted. 

Obviously, the nature of the data and 
other information is such that a simple 
statistical analysis is not _ possible. 
Therefore an attempt has been made to 
summarize briefly the answers to each 
question in Table II (Plate V).!_ This 
table in itself is considered to be the 
principal part of this report. It is the 
most useful and comprehensible form 
in which to show the results. However, 
the following notes under Questionnaire 
Analysis are added in amplification of 
the summary in Table II. 


QUESTIONNAIRE ANALYSIS 


Question I (Tests Made and Order of 
Importance): 


One of the most striking features of 
the answers to Question I is that 62 out 
of 67 companies place the test for di- 
electric strength in first place as to 
importance. However, a_ significant 
number qualify this ranking of the 
dielectric test. The overall concensus 
appears to be generally consistent with 
the following statements: (1) The di- 
electric test serves a very important 
function as an index of serviceability; 
2) With particular reference to fre- 
quency of use of a given test, the 
dielectric test would be ranked first, 
but so far as intrinsic quality or stage of 
deterioration is concerned, other tests 
also are very essential. However, be- 
yond the statement of the fact that the 
dielectric test is generally ranked first, 
any further attempt to rank the various 
tests listed as to relative importance 
appears to resolve itself into an 
absurdity. 

The numerical sequence 1, 2, 3, 4, 
etc., to indicate order of importance is 


' This plate appears in envelope on inside back cover. 
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not used in a consistent manner by all 
recipients. For example, one company 
might list the dielectric test, a sludge 
content, and color test as three tests 
under numbers 1, 2, and 3, respectively, 
as tests of first importance with other 
tests following in regular sequence, while 
another company might group all of 
these tests under number 1 with addi- 
tional tests under 2, 3, 4, etc. The 
greatest significance should be attached 
to the matter of just which tests are 
listed as having importance. These are 
summarized as follows: All of the 67 
questionnaires listed the dielectric test; 
58 out of 67 listed neutralization num- 
ber; 38 noted the color test and visual 
inspection for sludge or sediment; 22 
noted the power factor test; 4 mentioned 
steam emulsion; and 4 interfacial tension. 


Question II (Tests Always Made and 
Allowable Limits): 


All companies, without exception, noted 


the test for dielectric strength as one test 
which was always made to judge service- 
ability. The minimum limits set for 
the breakdown value range between 16.5 
and 33 kv. The limiting values of 20, 
22, or 25 kv. appear to be the most 
commonly used. However, a minimum 
limit of 16.5 or 17 kv. is applied by the 
Boston Edison, Consolidated Edison of 
New York, Dallas Power and Light, 
Memphis Light, Gas and Water Division, 
New Orleans Public Service, Inc., Okla- 
homa Gas and Electric, and Pennsy]l- 
vania Power and Light Co. A minimum 
limit of 17.5 or 18 kv. is used by the 
Detroit Edison, Nebraska Power Co., 
Duquesne Light Co., Chicago District 
Electric Generating Corp., and the 
Commonwealth Edison Co. Values for 
new oil or reclaimed oil are generally 
set higher than for oil in service. 
(Whenever the electrodes for the 
dielectric strength test were defined, 1- 
in. diameter disks with 0.1-in. gap 
invariably were stipulated. It was as- 
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TABLE 1.- 


| Carolina Power and Light Co., 


| Central Illinois Light Co., 


Company 


ALPHABETIC LIST OF COMPANIES WHO RET URNED QUESTIONNAIRE. 


Answered By 


| Boston Edison Co., Boston, Mass. 


Buffalo Niagara Electric Corp., Buffalo, N. Y. 
Raleigh, N. C. 


Peoria, Ill. 


| Central Illinois Public Service Co., Springfield, Ill. 


Central New York Power Corp., Syracuse, N. 

Chicago District Electric Generating Corp., Ham- 

Cincinnati Gas and Electric Co., Cincinnati, Ohio 

Cleveland Electric Illuminating Co., Cleveland, Ohio 

and Southern Ohio Electric Co., Columbus, 
Jhio 

Commonwealth Edison Co., Chicago, Ill. 

Connecticut Light and Power Co., W aterbury, Conn. 

Consolidated Edison Co. of New York, New York, 


Consolidated Gas, Electric and Power Co. of Balti 
more, Md 

Consumers Power Co., Jackson, Mich. 

Dallas Power and Light Co., Dallas, Texas 

Detroit Edison Co., Detroit, Mich. 

Duquesne Light Co., Pittsburgh, Pa. 

Georgia Power Co., Atlanta, Ga. 

Gulf States Utilities Co. Beaumont, Texas 

Hartford Electric Light Co., Hartford, Conn. — 

Houston Lighting and Power C 0., Houston, Texas 

Hydro-Electric Power Commission, Toronto, Ont., 
Canada 

Idaho Power Co., Boise, Idaho 

Indianapolis Power and Light Co. , Indianapolis, Ind. 


q 


Soseey Central Power and Light Co., Asbury Park, 


Kansas Gas and Electric Co., Wichita, Kansas 
Kentucky Utilities Co., Lexington, Ky. 
Long Island Lighting Co., Mineola, N. Y. 


Los of Water and Power, Los 
Angeles, C 

Memphis Light, Gas and Water Div., Memphis, Tenn. 

Metropolitan Edison Co., 

Montana Power Co., Butte, Mont. 

Nebraska Power Co., Omaha, Neb. 

New England Power Assn., Boston, Mass. 


Reading, Pa. 


New Orleans Public Service, Inc., New Orleans, La. 
Northern Indiana Public Service Co., Hammond, Ind. 
Ohio Edison Co., Akron, Ohio 

The Ohio Power Co., Canton, Ohio 

Ohio Public Service Co., Elyria, Ohio 

Oklahoma Gas and Electric Co., Oklahoma City, Okla 


Pacific Gas and Electric Co., San Francisco, Cal. 
Pennsylvania Electric Co., Johnstown Pa. 
Pennsylvania Power and Light Co., Allentown, Pa. 


Philadel 


hia Electric Co., Philadelphia, Pa. 
Portlan 


General Electric Co., Portland, Ore. 


Potomac Electric Power Co., Washington, D. C. 
Public Service Co. of Colorado, Denver, Colo. 


Public Service Co. of Northern Illinois, Chicago, Il. 
Public Service Electric and Gas Co., Newark, N. J. 


Rochester Gas and Electric Corp. 


Rochester, N. Y. 
San Diego Gas and Electric Co., 


San Diego, Cal. 
Southern California_Edison Co., Los Angeles, Cal. 
Tennessee Valley Authority, Wilson Dam, Tenn. 
Toledo Edison Co., Toledo, Ohio 


Union Electric Co. of Missouri, St. Louis, Mo. 
United Illuminating Co., New Haven, Conn. 


| 
| 


C. B. Hawkins, 

W, H. McClure 

R. W. Chadbourn, Committee Member 

| N. B. Phillips, Superintendent Meters and Services 

A. M. McCabe, Substation and Valley Superir 
tendent 

R. D. Hart, Superintendent Electric Meter Depart- 


Superintendent of Transmission 


ment 
H. E. Stites, Electrical Engineer 
J: L. Welch 
T. Hesselmeyer 
C. White 
S. Hamill Jr., Assistant Superintendent El 
tric Operating Department 
*. Borch, Electrical Engineer 
Price, Electrical Engineer 
. B. Schofield, Materials Engineer 
>. T. Hughes, General Superintendent 
>. T. Hatcher, Acting Division Engineer 


E. F. Wolf, Assistant to Superintendent Electr 
Test Department 

F. G. Boyce, Vice-President 

. Northum, Operating Division Head 
. DeBaene, Committee Member 

x. Whitehead, Investigating Engineer 


C. Adams, System Electrical Engineer 
L. Derrick, Engineer 


. Muehleman, Chief rating Engineer 
. Dobson, Director of Research 
. Russell, "General Superintendent 
S. Cox, ‘Assistant Superintendent Electrical 
Department 
. Van Inwegen 


T. 
E. 
E. 
E. 
H. 
B. 
H. 
L.C 


C. V. Waddington, Engineer 

T. M. Fleming, Electrical Engineer 

H. J. DeBaun, Manager Electric Transmission and 
Distribution 

T. M. Blakeslee, Superintendent Testing Lab. 


C. A. Reitz, Supervisor, Electric Repair Depart 


ment 
H. M. Rankin, Chief Engineer 
C. R. Davis 
I. H. McNeil, Superintendent of Distribution 
E. F. Walsh, Assistant to Superintendent Power 
Station 
L. L. Newman, Superintendent of Distribution 
A. D. Therrien, General Foreman Substations 
F. W. Funk, Chief Engineer 
R. B. Krammes, Superintendent of Substations 
L. Ferri, Electrical Engineer 
L. M. Limpus, Superintendent Testing andRepair 
Baugh 
D. R. Pattison, Electrical Engineer 
Gill, Assistant to Superintendent Lines and 
H. Chase 
Delmar Brown, Chemist 
C. A. Warren, in Charge, Transformer Department 
T. C. Pearce, Superintent of Substations 
W. D. Hardaway, Superintendent Hydro-Electric 
Production and Transmission 
H. A. Cornelius, Senior Engineer 
John S. Ware, General Superintendent of Distribu- 
ot Electric Department 
H. J. Klumb, Superintendent Electric Distribution 
K. F. Williamson, Superintendent Tests and In- 
spection; J. B. Bowen, Supt. Electric Repair 
Division 
L. H. Beebe, Superintendent Shop and Test Div- 
sion 
J. F. Gordon, Superintendent Maintenance Divi- 
sion 


R. C. Morris, System Distribution Engineer 
W. A. Upham, General Superintendent Distribu- 
tion 


| No. 
No. 
No. 49 No. 
No. 43 No. 
No. 66 No. 
No. 
No. 
No. 16 No. 
No. 36 
No. 31 
No. 34 
sur 
No. 47 
No. 13 ref 
; No. 37 ant 
No. 3 ! 
No. 39 
No. 46 list 
alt 
No. 57 
No. 8 dic 
No. 50 if 
No. 58 wh 
Jo. 52 
19 
Jo. 2 
No.7 ten 
No. 48 for 
No. 26 
No. 53 
Tar 
No. 4 pel 
No. 24 
No. 20 mc 
No. 45 an 
No. 1 oil 
No. 10 Qu 
9 
0. 25 
No. 21 list 
No. 51 alt 
No. 5 tio 
No. 14 
No. 59 her 
No. 35 
No. 55 M: 
No. 33 sta 
No. 11 
No. 67 the 
23 WI! 
No. 
No. 63 
No. 65 Int 
No. 18 un 
No. 64 
0 
No. 38 ul 
61 
No. 6 
7 No. 32 
No. 27 
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TABLE I.—ALPHABETIC LIST OF COMPANIES WHO RETURNED QUESTIONNAIRE.—Continued 


Company 


Answered By 


West Penn Power Co., Pittsburgh, Pa. 
Wisconsin Electric Power Co. .» Mi waukee, Wis. 
Wisconsin Power and Light Co., Madison, Wis. 


United States Bureau of Reclamation, Denver, Colo. 
Utah Power and Light Co., Salt Lake City, Utah 


Virginia Electric and Power Co., Richmond, Va. 
Westinghouse Electric Corporation, Pittsburgh, Pa. 


Wisconsin Public Service Corp., Milwaukee, Wis. 


L. N. McClellan, Chief Electrical and Mechanical 
Engineer 

T. A. Purton, Chief Engineer 

F. W. Smith, "Manager of Engineering 

T. K. Sloat, "Research Engineer 

O. E. Faweett, Committee Member 

W.E. Gundlach, Chief Electrical Engineer 

Langum, Superintendent Operation and 
Maintenance 

H. P. Taylor, Vice-President and Treasurer 


sumed that all the test limits noted 
refer to electrodes of this standard size 
and spacing.) 

Approximately 30 of the 67 answers 
list the acidity test as one regularly made 
although in most cases special notes in- 
dicate that this test would be made only 
when other conditions attracted atten- 
tion such as color, sludge, and operating 
temperature, or in the case of trans- 
formers of the higher voltage ratings. 
Maximum limits established for acidity 
range between 0.15 and 1.65 mg. of KOH 
per gram of oil. The limits most com- 
monly stated tend to fall between 0.7 
and 1.0 mg. of KOH per gram of oil for 
oil in service. See also statement under 
Question IV below. 

Ten of the 67 returned questionnaires 
list power factor as a routine test 
although it appears that the same condi- 
tions in deciding to make this test apply 
here as to the neutralization value. 
Maximum limits for power factor, when 
stated, vary from 1.0 to 3.0. However, 
these values have limited significance 
without test temperatures and other 
conditions stated. 

Two companies mention the steam 
emulsion test (S.E. No.) as a routine 
test regularly made and two include 
interfacial tension. See also statement 
under Question IV below. 


Question III (Time Interval for Periodic 
Tests): 


The intervals used by various com- 


panies for periodic tests vary consid- 
erably between 1 month and 2 yr., de- 
pending on classes of service, voltage 
rating, and other arbitrary classifications. 
The most common interval appears to 
be either 3, 6, or 12 months. Shorter 
intervals of 1 to 3 months are often 
stipulated for transformers of the higher 


service voltages or water-cooled equip- | 


ment. The most comprehensible 
method of gaining information on this 


question is by direct reference to the 


summary in Table II. 


Question IV (Supplemental Tesis and 
Allowable Limits): 


It would appear from close scrutiny 
of the answered questionnaires that 
in many cases where certain tests might 
have been listed here, they were listed 
under Question II, virtually as tests 
that could be considered supplementary 
to the dielectric test and visual observa- 
tions. For this reason the answers to 
Questions II and IV are considered 
together in the following statements: 

Sixty out of the 67 answered question- 
naires list the acidity test as either a 
routine periodic test or supplementary 
test when other conditions seem to 
justify closer analysis of stage of de- 
terioration. 

Twenty-two of the 67 answers list 
power factor; 6 of the 67 answers note 
steam emulsification (S.E. No.), and 6 
mention interfacial tension as either a 


periodic or possible supplementary test, 
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Question V (Tests Used in Past, Now 
Abandoned): 


It is somewhat superfluous to attempt 

4 to amplify the answers to this question 

as to the tests used in the past and since 

abandoned. Analysis of the answers 

may be made by direct reference to the 
‘summary in Table IT. 


Question VI (ls Sludging Considered 


_ Serious Problem Today): 
The answers to this question as to 


whether sludging of oil is a serious 
problem at present are generally nega- 
tive, with special notes in most cases to 
qualify the answer. Even in the cases 
where the answer is “yes,” there is a 
remarkable consistency in the special 
amplifying notes showing essential agree- 
ment with the negative answer if certain 
exceptions are granted. Practically all 
of the answers would be in agreement 
with the following broad statement: 
_ Sludging is not appreciable in modern 
transformers of the conservator or gas- 
a sealed type, but may be a serious prob- 
lem in older transformers of the open- 
_breather type, particularly those carrying 
heavy loads. (Many replies include a 
comment that there is a substantial 
_ proportion of older transformers with 
_ open breathers now in service.) 
Wherever sludging is encountered, 
serious trouble is avoided by keeping 
diligent watch on the oil and establishing 
limiting values for sludge content, neu- 
tralization value or other properties 
used as criteria of serviceability. (See 
Questions II and IV.) Also tempera- 
ture and loading conditions are sig- 
nificant factors. When the degree of 
sludging or aging has exceeded the 
limits to be tolerated, some companies 
make it a practice to reclaim the oil 
by filtration and deacidifying treatment; 
others replace the sludged oil with new 


At this point, a supplementary ques- 


tion arises as to how many companies 
accept the general practice of reclaiming 
a sludged oil once it has been condemned 
for further service. (In general this 
refers to oils of high acid value.) This 
question was not directly stated in the 
questionnaire and therefore the answer 
is available in only a limited number of 
the replies. In those cases where the 
answer was given directly or could be 
deduced with reasonable certainty from 
miscellaneous appended remarks, it is 
noted in the appropriate column of 
Table II. Otherwise the space is left 
blank. 

Fifteen companies of 26 answering 
this question, or roughly 60 per cent, 
apparently follow a practice of reclaim- 
ing oil. 

The above comments with the sum- 
mary in Table II provide a brief analysis 
of replies so far as the main components 
of Question VI are concerned. How- 
ever, the questionnaire carried a request 
for supplementary information regarding 
the sludging problem in general. Some 
of the replies included comments of a 
very copious nature while others were 
comparatively brief. All of this infor- 
mation is considered quite timely and 
pertinent but somewhat beyond the 
scope of this report to discuss in any 
detail. Wherever possible the comments 
are abstracted in Table II in such form 
as to retain their full significance. In 
all cases where this is not possible, the 
complete comments (with few excep- 
tions) are quoted in the Appendix which 
comprises quite an important supplement 
to this report. 

One feature of the detailed comments 
received under Question VI, as well as 
some of the other questions which should 
be regarded as significant, is the em- 
phasis generally placed on acidity and 
its relation to sludging and serviceability 
of a used oil. Many companies have 
no fixed limit established for acidity of an 
oil from transformers in service but this 
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matter is being given considerable atten- 
tion at present. There is a pronounced 
trend toward a policy which would 
adopt a maximum limit for acidity, 
below which deterioration of the solid 
insulation would be nearly negligible, 


level for the life of a transformer. What 
the true value of this limit should be has _ 
not been very definitely established. In 
the end, a rigid control of oil acidity 

should be much less costly than un-— 
checked deterioration of the insulation — 


then maintain the acidity below this 


in large power transformers. 


APPENDIX 


COMMENTS OF VARIOUS COMPANIES MADE UNDER QUESTION VI OF — 


THE QUESTIONNAIRE 


9, Metropolitan Edison Co.—Example: Sludg- 
ing in three 3333 kva., water-cooled transformers 
made in 1917; average load 70 per cent; open 
breather. Installed conservators. In some 
cases old breathers are replaced with increased 
number of newer type. Uniflow air circulation 
system also installed on transformers with open 
breathers to eliminate condensation on under- 
side of cover. 

15. Virginia Electric and Power Co.—All new 
power transformers of 1000 kva. and larger 
purchased with activated alumina or silica-gel 
breathers. We have added this type of breather 
to old transformers on the system. Conserv- 
ators normally required on transformers of 1000 
kva. and above with breathers. Smaller trans- 
formers have been purchased completely sealed. 

17. U. S. Bureau of Reclamation.—In this 
case a very interesting bulletin was submitted 
vith the title “Maintenance of Mineral Insulat- 
ing Oils; Power O. & M. Bulletin No. 11.” 
As stated in the preface, it is the purpose of this 
bulletin to give a better understanding of how 
insulating oil is affected by moisture and oxida- 
tion, and to establish a uniform maintenance 
practice for testing and purifying insulating 
oils. One section of the bulletin deals with the 
subject of oxidation and its relation to acidity 
and sludge in oil. This section includes useful 
test data showing the relation of acidity to 
oxygen absorbed by the oil and practical con- 
clusions from this data to estimate the life of an 
oil (prior to sludging) in transformers with 
various types and degrees of sealing. Also, 
information on purifying procedures is given in 
this bulletin. An abstract of the section of this 
bulletin dealing with oxidation, acidity, and 
sludging is given as follows: 

The measurement of acidity of an oil is con- 
sidered to be the most reliable indicator of the 
extent of oxidation, since some of the products 
of oxidation are of an acid nature. When sludg- 
ing has progressed to the point where it covers 


the core and windings, the first step should be to 
remove the sludge by a high-pressure stream of 
oil and to either replace the oil, or treat it with 
activated clay to remove the acid. 


The best plan for determining the extent of — 


oxidation is to make acidity tests from time to 
time, so it can be determined when the oil should 
be treated before it reaches the sludge forming 
stage..... Sludging has been found to begin 


when the acidity reaches a neutralization num- 


ber of roughly 0.4 to 0.5 mg. of KOH per gram 


of oil. 


When it has been determined by the neutral- 


ization number that the oil is approaching the 
point at which sludging may start, the oil should 
be treated by the Fuller’s earth (activated clay), 
activated alumina, or some other approved 
method for reducing acidity. Removal of 
sludge from oil may be done with a blotter filter 
press, but the acid is not removed by this process 
and sludge would promptly form again since the 
conditions for the formation of sludge have not 
been removed. The Denver Office is investigat- 
ing commercial equipment for treating oil with 
activated clay to remove acidity. The process 
in general is to first filter the oil to remove water 
and other impurities, then to pass the oil through 
a quantity of activated clay or to mix clay in the 
oil, then to pass the oil through a filter press 
to remove the clay and other impurities. Heat- 
ing the oil helps to make the clay more effective 
in removing acid and improving color. It is 
expected that it will be possible to keep the 
transformer in service, where necessary, while 
the oil is being treated. 

Tests have been made which indicate that 
acidity is proportional to the amount of oxygen 
absorbed by the oil. It is estimated that 0.2 
cu. ft. of oxygen absorbed per gallon of oil will 
cause an acidity of about 0.5 mg. of KOH, which 
is the approximate neutralization number at 
which sludging is assumed to start. On the 
basis of this and other assumptions, it has been 
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estimated that different types of transformers 
would take the following periods of time before 
sludge would appear on the basis of equal loading 
test cycles: 

Transformer with free air access.... 1.5 yr. 


Transformer with conservator..... 4 to7 yr. 
Transformer bolted up tight....... 50 yr. 
Transformer with nitrogen over 


While the above periods may not correspond 
to actual field examples due to different load 
conditions from those assumed, the relative 
length of the periods for the different types of 
transformers may be comparable, and is of in- 
terest. 

19. Gulf States Utilities Co—Sludging is 
more active in transformers loaded 115 to 130 
per cent than with lesser loads; more active in 
open-breather than conservator or sealed type. 
Load is reduced if sludging is caused by over- 
load. Oil changed if sludging has progressed 
to any extent. 

Much sludging in transformers of open- 
‘(weather type of three makes delivered from 
1925 to 1930. These showed excessive sludge 
in 1935 causing some failures before detection. 

Other transformers of conservator type pur- 
chased in 1925 had oil replaced in 1943 and 1944. 

Large transformers with inert gas seal, on 
system since 1925 have not shown any signs of 


oil deterioration. 

The replacement of transformer oil can best 
be decided on an acidity basis. Found from 
experience with great number of cases when 
neutralization number exceeds 0.2, sludge is 
likely to begin. Acidity increases at very 
accelerated rate after reaching this point. When 
neutralization number reaches 0.5 or 0.6, sludg- 
ing is quite rapid and there is a pronounced 
change in color from light straw to very dark 
color. Certainly any oi] with a neutralization 
_ number of 0.6 or over should be replaced. 

We have found it is not sufficient in such 
cases merely to replace oil in these transformers 
without thoroughly cleaning the core and coils 
as it is very difficult to flush these transformers 
entirely free of sludge. Apparently very small 
amount of sludge in transformer provides rea- 
gent to help break down new oil in much shorter 
time than if transformer were entirely free of 
sludge. 

33. Oklahoma Gas and Electric Co.—The date 
of manufacture has little to do with sludging 
except to define the quality of oil used at time in 
particular manufacturer’s apparatus. No great 
improvement in sludging characteristics in low 
pour point oils over high pour point oils. The 
source of crude and degree of refining seem to 
govern this characteristic almost exclusively. 


Report or Committee D-9 (AppEnprx III) 


Sludge is a by-product of oxidation which js 
accelerated by heat, contact with oxygen and 
contact with metals (copper being a very good 
catalyst or oxidizing agent). Types of con- 
struction which reduce contact with oxygen (or 
air) reduce sludging. Per cent load, as a source 
of heat, influences the rate of sludging. 

In an open-type free-breathing transformer, 
a constant top oil temperature of 85C. will 
normally show an increase in neutralization 
number of 0.1 per month. At 60 C. the increase 
will be about 0.1 per yr. and at 50C. about 
0.05 per yr. 

In our part of the country which has average 
annual ambient temperature of 15 (CC. and an 
average annual maximum of 40C., we follow 
loading practice which seldom gives maximum 
oil temperature in excess of 70C. This results 
in average life of 15 to 20 yr. for our insulating 
oil, without undue sludging except in rare 
instances. 

We prefer to judge quality of oil by visual 
inspection of sludge deposited, verifying observa- 
tion that oil has reached or is approaching 
“run-away” sludge value by neutralization 
number, color, power factor test, then either 
discard or re-refine it. 

We experience some trouble with corrosion 
in open-type transformers and therefore add 
vents to many of our transformer tanks. Our 
spares are protected with breathers and large 
power units are of conservator construction. 

35. The Ohio Power Co.—One bank of three 
3750 kva_ water-cooled, single-phase trans- 
formers has given considerable trouble since 
installation in 1916. Design such that exciting 
current exceptionally high causing excess heat- 
ing, and heavy sludge. Average load lately 
has been 80 to 90 per cent. Transformers have 
conservators. Excessive sludging eliminated 
by changing oil and renewing core bolt and 
clamping insulation. 

41. Utah Power and Light Co.—Almost no 
trouble is experienced with sludging in trans- 
formers manufactured in the last 15 yr. Our 
experience, while not conclusive, leads us to 
believe that sludging of the older oils was largely 
due to manufacturing of that particular batch 
of oil rather than to load carried. One of the 
worst cases of sludging we ever experienced 
occurred in a bank of outdoor transformers 
carrying less than three-quarter load with cases 
sealed except for 2-in. vent pipes carried into 
the generating station. 

This company has a number of transformers 
from predecessor companies that are more 
than 40 yr. old in which the original oil is still 
in use. Humidity in this area is 40 per cent or 
less during most of the year which may account 
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RESULTS OF QUESTIONAIRE ON SERVICE TESTS OF TRANSFORMER OIL 


for sma]! amount of trouble with oil. Dielectric 
tests regularly made and oil filtered when not 
up to standard. 

45. Long Island Lighting Co.—Sludging be- 
coming serious as oil and equipment is becoming 
older. Transformers and regulators generally 
consist of two types: Open-breather and con- 
servator (self-cooling). Date of manufacture 
1914 to 1943. Loads run as high as 110 per cent 
full-load. Oil indicating excessive sludging is 
replaced with new oil. 

46. Consolidated Gas Electric Light and Power 
Co. of Baltimore-—The greater part of oi] in our 
power transformers is nitrogen protected. Oil 
so protected free from sludge troubles. The 
smaller modern power transformers without 
nitrogen protection have shown a greater rate 
of deterioration than those with nitrogen. 

49. Boston Edison Co.—In transformers of 
one make manufactured between 1916 and 1926, 
the paraffin-base oil sludged badly, resulting 
in plugged radiators and an accumulation of 
sludge on core and windings; also verdigris 
deposits on bare copper, brass, and bronze 
parts inside transformer case. 

50. Detroit Edison Co.—Sludging not serious 
since special care exercised in operating oil-filled 
equipment well below full-load capacity, thus 
comparatively low oil temperature, and rigorous 
inspection of both new and used oil in an effort 
to prevent even incipient sludge conditions. 
A need exists for an oil that will withstand high- 


a 
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temperature operation for long periods of time 
without sludging in order to utilize the full-load 
capacity of oil-filled electrical equipment. 

63. Potomac Electric Power Co.—Consider- 
able oxidation and clogging of coil ducts in non- 
conservator type of transformers carrying full 
load. No correction done except to lighten 
load and filter oil. With some 13-kv. trans- 
formers we found considerable deposits of oil 
sludge on the terminal board and windings. 
Dielectric strength of oil low due to poor breath- 


ing, allowing condensation on underside of 


cover, Additional breathers installed. 

66. Carolina Power and Light Co.—Sludging 
generally increases with age of transformer, but 
some sludge much worse than others, probably 
due to insulation ingredients and circulating 
vents being more susceptible to stoppage 
Sludging increases with temperature, whether 
heated by load, over-excitation, poor oil circula- 
tion, or otherwise. Some transformers carry 
heavy overloads without excessive sludging, 
while others get “hot” and sludge carrying only 
a part of their rated load. To combat sludge 
we filter oil and clean out transformers period- 
ically. We have replaced some old oil with new 
oil supposed to contain “inhibitors” but the 
results have not yet been ascertained. 


Respectfully submitted on behalf of 
Subcommittee IV, 


L. B. L 
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Sectional Committee C59 on Electri- 
_ cal Insulating Materials held one meet- 
“i during the year on March 14, 1945, 
in Atlantic City, N. J. 
In line with action taken at that 
_ meeting, confirmed by subsequent letter 
ballot vote, the American Standards 
_ Association was advised under date of 
_ September 20, 1945, that the following 
_ standards which are under the jurisdic- 
tion of Sectional Committee C59 so far 
as their ASA status is concerned and 
which have stood four years or more 
without revision have been reaffirmed 


by the sectional committee: 

A.S.T.M. Standard Specifications for: 
= Rubber Matting for Use Around Electrical 
Apparatus or Circuits not Exceeding 3000 

Volts to Ground (A.S.T.M. D 178-24; 
ASA C59.4—-1935), 


Rubber Insulating Tape (A.S.T.M. D 119 - 38; 
ASA C59.6—1939), and 


A.S.T.M. Standard Methods of: 


- Testing Molding Powders Used in Manufac- 
turing Molded Electrical Insulators (A.S. 


_ T.M. D 392 - 38; ASA C59.10—1941). 

As a matter of record, the ASA was 
also advised of the publication in 1944 
and 1945, of tentative revisions apply- 
F ing to the following A.S.T.M. standards 

which have been approved as American 

Standard on the recommendation of 
Sectional Committee C59: 


A.S.T.M. Standard Methods of Testing: 


Sheet and Plate Materials Used in Electrical 
Insulation (A.S.T.M. D 229-43; ASA 
C59.13—1944), 

_ Laminated Tubes Used in Electrical Insulation 
(A.S.T.M. D 348-42; ASA C59.14—1943), 

Laminated Round Rods Used in Electrical 
Insulation (A.S.T.M. D349-42; ASA 

C59.15—1943), and 

_ Electrical Insulating Oils (A.S.T.M. D 117 - 43; 
ASA C59.2—1944). 


REPORT OF SECTIONAL COMMITTEE C59 
ON 


ELECTRICAL INSULATING MATERIALS 


On September 20, 1945, the sectional 
committee recommended to the ASA 
that the NEMA Vulcanized Fibre Stand- 
ards be approved as American Standard 
and that the A.S.T.M. Methods of 
Testing Shellac Used for Electrical 
Insulation (D 411-44) be reapproved 
as American Standard in their revised 
form. 

The proposal that the revised Tenta- 
tive Methods of Testing Molded Mate- 
rials Used for Electrical Insulation 
(D 48-45 T) be submitted to the ASA 
for reapproval in their revised form is 
now under consideration in a special 
reviewing committee consisting of 
Messrs. C. R. Troop and H. S. Vassar. 

The A.S.T.M. Standard Methods of 
Test for Insulation Resistance of Elec- 
trical Insulating Materials (A.S.T.M. 
D 257 —- 38; ASA C59.3—1939) were re- 
vised by the Society in June, 1945, but 
submittal of the revised methods to the 
ASA for approval as American Standard 
has been withheld pending the incorpora- 
tion of further revisions. 

It is planned to bring up to date the 
List of Available Standards in _ the 
Electrical Insulating Field which had 
been prepared as the first step in com- 
piling a library of available standards 
for electrical insulating materials to be 
deposited in the office of the secretary. 
It is the intent to harmonize duplicate 
or conflicting specifications to a single 
standard developed as a national stand- 
ard and to fill in any gaps. 


Respectfully submitted on behalf of 
the sectional committee, 


H. L. Curtis, 
R. E. Hess, 


Chairman. 
Secretary. 
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Since its previous report to the Society 
in 1941, Committee D-10 on Shipping 
Containers held two meetings in New 
York, N.Y., on June 26, 1944, and on 
March 22, 1945. Both meetings were 
well attended. 

During the past year the committee 
has been reorganized and its personnel 
enlarged from 16 to 68 members classified 
as follows: 28 producers, 24 consumers, 
and 16 general interests. 

A set of By-Laws governing the com- 
mittee was adopted subject to letter 
ballot. The present officers of the com- 
mittee were reelected for the ensuing 
term of two years and R. L. Beach was 
elected to the newly created office of 
Vice-Chairman. An Advisory Commit- 
tee was approved to consist of the officers 
of the main committee, the chairmen of 
the subcommittees and two additional 
members. The two members selected 
were Nathan Tufts and R. A. Wilkins. 

In the reorganization of the committee, 
six subcommittees were approved and 
chairmen appointed as indicated: 

Subcommittee I on Definitions of 

Terms, Edward Dahill, chairman, 

Subcommittee II on Methods of Test- 

ing, E. R. Stivers, chairman, 
Subcommittee III on Moisture and 
Water Vapor Resistance, R. W. 
Lahey, chairman, 

Subcommittee IV on Performance 
Standards, R. F. Weber, chairman, 


* Presented at the Forty-Eighth Annual Meeting of the 
xiety, June 27, 1945, 


ON 
"SHIPPING CONTAINERS* 


REPORT OF COMMITTEE D-10_ 


Subcommittee V on Correlation of 


Tests and Test Results, L. J. Mark- 


wardt, chairman, and 


Subcommittee VI on Interior Packing, 


W. B. Lincoln, Jr., chairman. 


Subcommittee I is compiling a dic-_ 


tionary of terms as a basis for work. 


Subcommittee IT has in preparation a_ 
compression test and a drop test for 
shipping containers which, in part, are 
Tentative 
Method of Compression Test for Ship- 


based upon the present 


ping Containers (A.S.T.M. Designation: 


D 642 - 45 T) and the Tentative Method — 
of Drop Test for Shipping Containers 


(A.S.T.M. Designation: D 775-45 T) 
which methods are under the jurisdiction 
of Committee D-6 on Paper and Paper 
Products. When the revised methods 
are completed, these tests are to be 
placed under the jurisdiction of Com- 
mittee D-10. It is expected that these 
two methods will be ready for submission 
as tentative later in the year. Sub- 
committee II is also giving consideration 
to a drum test for shipping containers. 
It is preparing a method on the inclined 
impact tester and vibration table. 

Subcommittee ITI is working on stand- 
ardized tests for water and moisture 
vapor resistance of shipping containers. 

Respectfully submitted on behalf of 
the committee, 

EDWARD DAHILL, 
Chairman. 

E. R. STIvERs, 

Secretary. 


EpIroRIAL Note 


Subsequent to the Annual Meeting, Committee D-10 presented to the 
Society through the Administrative Committee on Standards the following: 


New Tentative: 


Compression Test on Shipping Containers (D 642 - 45 T) to supersede Standard Method D 642 ~ 43, and 
Drop Test of Shipping Containers (D 775 - 45 T) to supersede Tentative Method D 775 - 44 T. 


These recommendations were accepted by the Standards Committee on 
August 27, 1945, and the tentative methods appear in the 1945 Supplement 
to Book of A.S.T.M. Standards, Part III. 
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REPORT OF COMMITTEE D-11 
ON 
RUBBER AND RUBBER-LIKE MATERIALS* 


Committee D-11 on Rubber and 
Rubber-Like Materials has not met since 
the 1944 Annual Meeting but several 
subcommittees have held meetings and 
the work of the committee has been 
advanced so far as possible by cor- 
respondence. 

Committee D-11 wishes to record its 
sorrow and deep sense of loss in the 
death during the year of two of its very 
active subcommittee chairmen, Walter 
H. Juve and Louis P. Gould. Mr. Juve 
was a member of the Advisory Com- 
mittee and chairman of Subcommittee 
XXIII on Hard Rubber in which capac- 
ity he had served since the organization 
of the subcommittee in 1938. O. M. 
Hayden has been designated to replace 
Mr. Juve on the Advisory Committee 
and H. J. Flikkie has been appointed 
chairman of Subcommittee XXIII. 

Mr. Gould had served as chairman of 
Subcommittee XXII on Cellular Rubber 
since its formation in 1938. He has 
been succeeded by H. G. Bimmerman. 


RECOMMENDATIONS ACCEPTED BY 
CoMMITTEE E-10 on 
STANDARDS 


Subsequent to the 1944 Annual Meet- 
ing, Committee D-11 presented to the 
Society through Committee E-10 on 
Standards the following recommenda- 
tions: 


New Tentative Specifications for: 

GR-S (Synthetic Rubber) Sheath Compound for 
Electrical Insulated Cords and Cables Where 
Extreme Abrasion Resistance is Not Re- 
quired (D 812-44T), 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 


New Tentative Methods of Test for: 


Resistance of Vulcanized Rubber or Synthetic 
Elastomers to Crack Growth (D 813 - 447), 

Hydrogen Permeability of Rubber-Coated Fab- 
rics (D 815-44T), 

Permeability of Vulcanized Rubber or Synthetic 
Elastomers to Volatile Liquids (D 814 - 447), 
and 

Rubber Adhesives (D 816-44 T), 


Tentative Revision of the Standard Method of: 


Test for Accelerated Aging of Vulcanized Rub- 
ber by the Oven Method (D 573 - 42), 


Revised Tentative S pecifications for: 
Cellular Rubber Products (D 798 - 44T), 


Revised Tentative Methods of: 


Test for Changes in Properties of Rubber and 
Rubber-Like Materials in Liquids (D 471- 
47), 

Testing Hard Rubber Products (D 530- 44T), 

Testing Automotive Hydraulic Brake Hose 
(D 571-44T), 

Testing Cellular 
44 T), and 

Test for Indentation of Rubber by Means of the 
Durometer (D 676-44T). 


Rubber Products (D 552- 


These recommendations were ac- 
cepted' by Committee E-10 on December 
13, 1944, and the new and revised tenta- 
tives and the tentative revision appear 
in the 1944 Book of A.S.T.M. Stand- 
ards, Part III. 


1In submitting these recommendations to Committee 
E-10 on Standards, Committee D-11 reported the following 
results of the letter ballot vote of a total of 91 ballots re- 
turned from a membership of 148: D 812, affirmative 4, 
negative 1, ballots marked ‘“‘not voting’’ 56; D 813, affirma- 
tive 54, negative 0, ballots marked ‘‘not voting” 37; D 815, 
affirmative 33, negative 0, ballots marked “‘not voting 
58; D 814, affirmative 46, negative 0, ballots marked “not 
voting’ 45; D816, affirmative 41, negative 1, ballots 
marked voting’’ 49; D 573, affirmative 69, negative, 
ballots marked “not voting” 22; D 798, affirmative 38, 
negative 0, ballots marked “not voting” 53; D 471, affirma- 
tive 55, negative 0, ballots marked ‘‘not voting”’ 36; D 53, 
affirmative 35, negative 2, ballots marked ‘“‘not voting” 54; 
D 571, affirmative 30, negative 0, ballots marked ‘‘not vot- 
ing’”’ 61; D 552, affirmative 41, negative 0, ballots marked 
“not voting” 50; D 676, affirmative 59, negative 2, ballots 
marked “‘not voting” 30. 
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The new Tentative Specifications for 
GR-S Sheath Compound for Electrical 
Cords provide a grade having somewhat 
lower tensile strength than that covered 
by the Emergency Specifications for 
GR-S Synthetic Rubber Sheath Com- 
pound for Electrical Insulated Cords 
and Cables (ES —-6a).2. The committee 
found that a real need exists for the new 
grade for use in the very numerous 
applications which involve less severe 
mechanical wear than the emergency 
grade is designed to withstand and in 
which use of the latter would cause un- 
necessary hardship and expense. 

The new Tentative Method D 813 is 
somewhat similar to, and employs the 
same flexing machine as, Method B of 
the Standard Methods of Dynamic 
Testing for Ply Separation and Cracking 
of Rubber Products (D 430-40) when 
the latter is used to test the resistance of 
rubber to cracking when flexed by re- 
peated bending. The new method, how- 
ever, measures the rate of crack growth 
instead of the resistance to initial crack- 
ing and is of particular importance in the 
evaluation of some of the new synthetic 
materials which differ from natural 
rubber in that they are much more 
resistant to initiation of cracking but fail 
more rapidly after a crack is started by a 
smali bruise or’ cut. 

The method for hydrogen permeability 
of coated fabrics (D815) provides a 
test which is widely used for the evalua- 
tion of coated fabrics used in manu- 
facturing inflatable goods such as bal- 
loons, pontons, and the like. 

Method D 814 has also been widely 
used and had not previously been gen- 
erally available in standardized form. 
It is particularly valuable for comparing 
the behavior of different rubbers and 
synthetics when used in contact with 
such liquids as gasoline, aromatic fuels, 
and the like. 


71944 Book of A.S.T.M. Standards, Part III. 


On RUBBER AND RUBBER-LIKE MATERIALS 


The methods for testing adhesives 
(D 816) meet a need which has long been 
recognized and which became acute > 
with the advent of the war. The work | 
in the committee on the development of © 
these cement methods was urgently 
requested by representatives of ai 
branches of the Armed Forces and by 


industry. Standardization work in the © 


field of rubber cements is difficult because 
of the unique characteristics of these 
materials and the many variables which | 
exist. The committee believes, how- 
ever, that a good start has been made 
in the new tentative methods but recog- 
nizes that experience with these may 
indicate need for extensive revisions and - 
additions. 

The tentative revision of the standard 
method for oven aging (D 573) involves 
a change in the note covering the use 
in certain cases of temperatures higher 
than the original standard of 70C._ 
The note already provided for 90C. 
when testing natural rubber compounds 
intended for use at elevated tempera- 
tures, but even this increase has been» 
found insufficient in the case of the new 
synthetic rubbers which are eel 
with antioxidants and which age so 
slowly at the lower temperatures as to 
make the test impractical for evaluating 
their utility in any type of service. In| 
the extensive experimental work which 
has been done during the development of | 
synthetic rubbers, most of the aging tests 
have been carried out at 100C. for 
normal service and much higher for 
service at elevated temperatures. The 
new revision covers the use of the 100 C. 
temperature. 

The revision of specifications for 
cellular rubbers (D 798) increases the 
permissible deflection change at low 
temperature for the SC compounds and 
corrects what is believed to have been 


an error as the original values prevent — 


use of certain synthetic materials in the 
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compounds which are well suited to the 
purpose and which were intended to be 
allowed. 

The revisions in Tentative Methods 
D 471 amplify the instructions concern- 
ing test fluids and add standard ref- 
erence fuels for gasoline immersion tests 
as discussed in the 1944 Annual Report. 

The changes in the hard rubber meth- 
ods (D 530) alter the requirements for 
preparation of test specimens and im- 
prove the procedure for conducting the 
Rockwell Hardness test on this material. 
In the revised methods for testing 
automotive hydraulic brake hose (D 571) 
a cold test has been added for evaluation 
of the suitability of this product for use 
under low-temperature conditions.» The 
changes in the methods of testing cellular 
rubbers restrict the thickness of the 
standard test slabs to 3 in. as other 
thicknesses have been found unneces- 
sary. The revision of the Durometer 
hardness test (D676) amplifies the 


- scope defining the applicability of the 


method and also adds a section on tem- 
perature of test establishing normal 
temperature limits and providing for use 
of the instrument in low-temperature 
testing. In addition, the normal time 
of reading was changed to be immediately 
after application of the instrument with 
provision for use of readings 15 sec. 
after application for special purposes 
when so indicated. 


EMERGENCY ALTERNATE PROVISIONS 
AND EMERGENCY SPECIFICATIONS 


No new emergency specifications were 
recommended during the year but Emer- 
gency Alternate Provisions EA - D 470, 
EA - D 754, and EA-D 755 were ac- 
cepted by Committee E-10 on November 
13, 1944, whereby a new emergency 
flame test was issued in connection with 
the Standard Methods of Testing Rub- 


ber Insulated Wire and Cable (D 470- 


REPORT OF COMMITTEE D-11 


41). 


specifications. The new horizontal flame 
test has been established on an emerg- 
ency basis by the Underwriters’ Labora- 
tories and its use in place of the former 
method is necessary in order to comply 
with the Underwriters’ requirements 
during the emergency. 

At the same time, a revision was ac- 
cepted in the emergency alternate pro- 
visions applying to the Standard Specifica- 
tions for Insulated Wire and Cable: 
Ozone-Resistant Type Insulation (EA - 
D 574a) whereby the minimum require- 
ment for elongation at rupture after 
aging by the air oven and oxygen pres- 
sure methods is reduced slightly because 
experience has indicated that the previ- 
ous requirement cannot be consistently 
met. The new and revised emergency 
alternate provisions appear in the 1944 
Book of A.S.T.M. Standards, Part III. 

Revised emergency alternate provi- 
sions applying to the Standard Specifica- 
tions for Friction Tape (D 69 — 38) were 
accepted by Committee E-10 on Janu- 
ary 31, 1945. These revisions provide 
for a better quality of tape than was 
required by the previous provisions and 
also specify different types of packaging. 
The improved quality is now justified 
because of new techniques based on 
experience since the war emergency. 
The previous war quality of tape has in 
many cases not been satisfactory to the 
consumer. The reason for the change 
in packaging is obvious in that war 
shortages necessitate different types of 
wrapping than originally specified. These 
revised emergency alternate provisions 
EA - D 69b have been issued with the 
1944 Book of A.S.T.M. Standards, 
Part III. 


A flame test was issued in connec- 
tion with the standard methods and 
corresponding requirements of certain 
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New TENTATIVES 


Tentative Methods of Identification 
and Quantitative Analysis of Synthetic 
Elastomers.2A—These methods of analysis 
of synthetic elastomers give a qualitative 
procedure with confirmatory tests where- 
by the synthetic rubber used in com- 
pounds may be identified together with 
quantitative methods applicable for esti- 
mation of the different polymers, in so 
far as this is now possible. A section is 
also included covering quantitative de- 
termination of certain of the more 
important compounding _ ingredients. 
These methods are based on published 
reports from a number of laboratories 
and on laboratory trials by members of 
the section of Subcommittee XI on 
Chemical Analysis, which is responsible 
for the recommendation. The methods 
are very urgently needed for use with 
the new synthetic materials concerning 
the analysis of which very limited 
information has been generally available. 
It is anticipated that the methods will 
require amplification and revision as 
more knowledge in this new field is 
developed but it is felt that early pre- 
sentation on a tentative basis of these 
recommendations, which are considered 
to be the best now known, will be of 
great value. 

Tentative Recommended Practice for 
Conditioning of Rubber and Plastic Ma- 
terials for Low-Temperature Testing.i— 
‘The need for a general presentation on 
the cold conditioning of specimens of 
rubber and rubber-like materials prior 
to application of any specific low-tem- 
perature test was discussed in the 1944 
Annual Report.‘ This recommendation 
covers the general theory underlying all 
low-temperature testing, the character- 
istic behavior of natural rubber, synthetic 


*These methods and specifications were accepted as 
entative by the Society and appear in the 1945 Supplement 
to Book of A.S.T.M. pene ae Part III. 

wna oeetines, Am. Soc. Testing Mats., Vol. 44, p. 467 


rubber, rubber-like materials, and plas- 
tics, and the conditioning procedures 
necessary in making low-temperature 
tests. It has been developed by a joint 
section of Subcommittee XXV on Low- 
Temperature Tests with representatives 
of Committee D-20 on Plastics. It is 
believed the recommendation will be very 
useful in supplementing the present 
procedures for low-temperature testing 
of these materials. 

Tentative Specifications for Natural 
Rubber Cups for Use in Hydraulic Actu- 
ating Cylinders.A—These specifications 
were prepared by Section IX of Tech- 
nical Committee A on Automotive 
Rubber in response to an urgent request 
from the U. S. Army Ordnance Depart- 


ment and the automotive manufacturers. _ 
Use of natural rubber in making this — 


highly specialized product has been 
allowed in a number of critical applica- 
tions long after it was necessary to use 
synthetics for most other products. 
Development of synthetic rubber cups 
has been in progress and it is expected 
that specifications for them will soon be 
completed. Meanwhile, there is still 
need for the natural rubber cup specifica- 
tions and this probably will continue. 
These specifications include a number 
of tests of the performance type. Be- 
cause of the importance of this product 


in a number of critical uses and in appli- — 


cations involving safety hazards, Tech- 
nical Committee A has requested ap- 
proval and publication both by the 


Society of Automotive Engineers and 
A.S.T.M. 


II. ADOPTION AS STANDARD OF 
TENTATIVE REVISION OF STANDARD 


The committee recommends the 
adoption as standard of the tentative 
revision? of the Standard Method of 
Test for Accelerated Aging of Vulcanized 
Rubber by the Oven Method (D 573 - 
42). This revision which was approved 
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by Committee E-10 last year provides 
for the use of 100C. temperature in 
testing synthetic rubbers, and is in gen- 
eral use. 


TIL. Tentative AND 
METHODS CONTINUED AS TENTATIVE 
WITHOUT REVISION 


The committee recommends that all 
the tentative specifications and methods 
of test under its jurisdiction be con- 
tinued as tentative without revision. 
Many of these are actively under con- 
sideration for revision which has not 
been completed because of the necessary 
omission of meetings. In all other cases, 
adoption as standard at the present time 
is considered inadvisable because of war 
conditions. 

The recommendations appearing in 
this report have been submitted to letter 
ballot of the committee which consists of 
148 voting members; 93 members re- 
turned their ballots with the results 
shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


— 


Ballots 
Affirm-| Nega- Marked 
ative | tive | “Not 
|Voting’”’ 


Items 


I, New TEeNTATIVES 


Methods for Identification and 
Quantitative Analysis of Syn- 
thetic Elastomers 

Rec. Practice for Conditioning 
of Rubber and Plastic Mate- 
rials for 
Testing 

Spec. for Natural Rubber C ups 
for Use in Hydraulic Actuat- 
ing Cylinders 


Low-Temperature 


II. ADOPTION AS STANDARD OF | 
TENTATIVE REVISION OF 

STANDARD 

Test for Accelerated Aging of | 
Vulcanized Rubber by the | 
Oven Method (D 573 - 42). 


| 


ACTIVITIES OF SUBCOMMITTEES 


Many of the subcommittees of Com- 
mittee D-11 have important work in 
progress but only those activities which 
it is believed will soon result in recom- 
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mendations being presented to the So- 
ciety are covered in this report. 

Technical Committee A on Automotive 
Rubber (W. J. McCortney, chairman),— 
During the past year, Technical Com- 
mittee A has met regularly at bimonthly 
intervals and has carried on extensive 
standardization activities in the automo- 
tive and aeronautical fields. Through 
its various sections, work is in progress 
on the investigation and development 
of standardized test methods for use on 
motor mountings, bumpers, gaskets, oil 
seals, and V-belts. Specifications for 
automotive windshield wiper hose have 
been completed and referred to the So- 
ciety of Automotive Engineers for pub- 
lication. In addition, specifications for 
coolant system hose and for fuel and oil 
line hose are practically completed and 
will be recommended to the S.A.E. for 
publication as tentative in the near 
future. These specifications cover the 
products as made from synthetic rubber. 
Also, specifications for hydraulic brake 
cups made using synthetic rubber are 
expected to be available soon supple- 
menting those for natural rubber cups’ 
being recommended for publication as 
tentative at this time. 

The committee expects soon to recom- 
mend revisions in the Tentative Speci- 
fications for Rubber and Synthetic Rub- 
ber Compounds for Automotive and 
Aeronautical Applications (D 735-43 T) 
covering inclusion of new RP com- 
pound tables which deal with materia! 
made from rubber-like plastics, the 
addition of values now omitted in the 
RS tables for A.S.T.M. hardness and 
the 20 per cent deflection test, changes 
in the compression set limits now given 
in the SC tables which have been found 
too low in some cases for commercial 
production, and other revisions which 
may seem desirable. 

As a result of work on oven aging, 8 
new method for high-temperature aif 
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aging in test tubes heated in an oil bath 
has been developed and has been found 
to be especially useful for work with 
synthetic materials. Experimental data 
have already been published in the 
ASTM Bu ttetiy® and it is expected 
that a tentative method based on these 
studies will be recommended this sum- 
mer. All of the above recommendations 
suitable for general industrial use will 
be presented to the Society through 
Committee E-10. In addition to the 
activities already mentioned, Technical 
Committee A is cooperating very closely 
with the Ordnance Departments of the 
Army and the Navy and is proving to be 
a very valuable technical standardiza- 
tion contact between suppliers and the 
Armed Forces. 

Subcommittee V on Insulated Wire and 
Cable (R. A. Schatzel, chairman).— 
This subcommittee expects soon to rec- 
ommend publication as tentative’ of the 
Emergency Specifications for GR-S Syn- 
thetic Rubber Sheath Compound for 
Electrical Insulated Cords and Cables 
ES-6a) after adding requirements 
covering the minimum permissible elon- 
gation of the compound after aging. 
These specifications are needed for severe 
service applications where the GR-S 
sheath compound (D 812) already dis- 
cussed in this report would not be satis- 
factory. In addition, it is probable that 
the subcommittee will recommend with- 
drawal of the emergency alternate pro- 
visions applicable to several of the 
specifications for which it is responsible. 

Subcommittee IX on Insulating Tape. 
(W. H. S. Youry, chairman).—This 
subcommittee has completed revisions 
in the Standard Specifications for Rub- 
ber Insulating Tape (D 119 — 38)? which 
will probably be presented to the Society 


*G. D. McCarthy, A. E. Juve, H. Boxser, M. Sanger 
S.R. Doner, E. N. Cunningham, J. F. McWhorter and 
R. H. Crossley, “High Temperature Oven Agi of Oil- 
Resisting Synthetic Rubber Compounds,” ASTM{BULLE- 
TIN, No. 132, January, 1945, p. 33. 

* See Editorial Note, p. 318. 
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soon through Committee E-10 as a 
revision of the emergency alternate 
provisions applicable to these specifica- 
tions. Both friction tape and rubber 
insulating tape are still definitely on an 
emergency basis because of the unavail- | 
ability of natural rubber. Develop- — 
ments of synthetics and reclaims and 
improved techniques in their use are 
making possible the production of some- 
what better tapes than the first emer- 
gency grades which were not very _ 
satisfactory but which helped greatly 
in meeting the war crisis. 

Subcommittee XIX on Tests for Prop- — 
erties of Rubber and Rubber-Like Mate- 
rials in Liquids (J. A. Baty, chairman).— 
This subcommittee has found that the 
original specification limits for the stand- 
ard petroleum-base oils for immersion 
tests given in Table I of the Tentative | 
Methods of Test for Changes in Prop- 
erties of Rubber and Rubber-Like 
Materials in Liquids (D 471 - 44 T) are 
too wide to assure good reproducibility 
of results when oils from different sources 
are used with the same rubbers in differ- 
ent laboratories. Also, in some cases, 
the differences in swelling action of the 
oils from different sources on different 
rubbers of similar characteristics were 
greater than the differences between the 
rubbers. The subcommittee therefore 
expects to recommend closer tolerances 
for the oils and in order to meet these, 
it will be necessary to establish standard 
lots of oil from the same source for use by 
all laboratories. This is now being 
arranged and proposed revisions in 
Methods D 471 will be presented to the 
Society through Committee E-10.6 The 
subcommittee is continuing its research 
on the action of different oils and fuels 
on rubber and synthetic materials. 

Subcommittee XXII on Cellular Rub- 
ber (H. G. Bimmerman, chairman).— 
This subcommittee is giving considera- 
tion to revisions in the Tentative Speci- 
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fications for Cellular Rubber Products 
(D 798-44 T). It now appears that 
the values for Suffix B, compression set 
of the sponge rubbers in Table IV cover- 
ing the SC oil-resisting class are too low 
to be met consistently in normal pro- 
duction when certain of the most im- 
portant synthetics are employed. Also, 
the values in pounds per square inch 
for indentation, 25 per cent deflection, 
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jections and expense. 


When agreement 
is reached on desirable changes, it is 
expected that the subcommittee will 
present its recommendations to the 
Society through Committee E-10.* 


This report has been submitted to 
letter ballot of the committee which 
consists of 148 members; 93 members 
returned their ballots, of whom 83 have 


of uncored latex foam rubbers have voted affirmatively, and 0 negatively. 
tolerances so wide as to cause difficulty ( 
in classifying the different grades. In Respectfully submitted on behalf of De 


addition, the dimension tolerances given the committee, pas 
for information only in Table V for Son COLLIER, Tra 
; uncored foamed latex rubber are closer Chairman. cult 
than necessary for many important ARTHUR W. CARPENTER, - bee 
. automotive uses causing excessive re- Secretary. 194 
T 
the 
= thre 
As indicated in the Summary of Proceedings, p. 9, three proposed tenta- les 

tives referred to in the report were submitted by Committee D-11 and ac- P 
cepted by the Administrative Committee on Standards on June 27, 1945. = 
The new tentatives appear in the 1945 Supplement to Book of A.S.T.M. men 

Standards, Part III. REC 
Subsequent to the Annual Meeting, Committee D-11 presented to the S 
Administrative Committee on Standards the following recommendations: _™ 
ing, 


Revised Tentative Specifications for: 
; Cellular Rubber Products (D 798 - 44 T) a Con 


Insulated Wire and Cable: Heat-Resisting Synthetic Rubber Compound (D 754 - 43 T), and Em 
Insulated Wire and Cable: Performance Synthetic Rubber Compound (D 755 - 44 sie é 
Revised Tentative Method for: Star 
Testing Cellular Rubber Products (D 552 - 44 T). . Pow 
Withdrawal of Emergency Alternate Provisions: This 
EA - D 523a applying to the Tentative Specifications for Rubber Sheath C —— for Electrical Insu- . 
lated Cords and Cables (D 523 - 44 T), Com 
EA - D 469a applying to the Standard Specifications for Insulated Wire and Cable: Heat-Resisting 0 
Rubber Compound (D 469 - 41), and 
EA - D 353 applying to the Standard Specifications for Insulated Wire and Cable: Preformed Rubber the I 
Compound (D 353 - 41 ). 
Tentative S pecifications for: acce 


GR-S Synthetic Rubber Sheath Compound for Electrical Insulated Cords and Cables (D 866 - 46 T), Cher 
formerly Emergency Specifications ES 6a, revised. 


Tentative Revision of Specifications for: Synt 
nm Insulated Wire and Cable: Heat-Resisting Rubber Compound (D 469 - 41). the | 
Stan 
These recommendations were accepted by the Standards Committee on 
January 10, 1946. The revised tentatives, the tentative revisions, and the _*P 
new tentative appear in the compilation “A.S.T.M. Standards on Rubber ~~ 
and Rubber-Like Materials,” February, 1946. 
ults 
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Committee D-12 on Soaps and Other 
Detergents held no meetings during the 
past year. Due to Office of Defense 
Transportation restrictions and the diff- 
culties of travel, the meeting which had 
been scheduled for February 19 and 20, 
1945, in New York, N. Y., was canceled. 

The most outstanding happening in 
the affairs of the committee was the loss 
of its chairman, Harry P. Trevithick, 
through death on January 17,1945. His 
place will be difficult to fill both in the 
committee and in the hearts of our 
members. 


RECOMMENDATIONS ACCEPTED BY COMm- 
MITTEE E-10 ON STANDARDS 


Subsequent to the 1944 Annual Meet- 
ing, Committee D-12 recommended to 
Committee E-10 on Standards that the 
Emergency Alternate Provision in the 
Standard Specifications for Built Soap, 
Powdered (EA — D 533) be withdrawn. 
This recommendation was accepted! by 
Committee E-10 on August 28, 1944. 

On May 4, 1945, Committee E-10, on 
the recommendation of Committee D-12, 
accepted a new Tentative Method of 
Chemical Analysis of Soaps Containing 
Synthetic Detergents (D 820-45 T)* and 
the proposed Tentative Revision’ of the 
Standard Methods of Sampling and 


_ "Presented at Forty-Eighth Annua! Meeting of the 
Society, June 27, 1945. ; 

‘In submitting these recommendations to Committee 
E-10 on Standards, Committee D-12 reported the following 
results of the letter ballot vote from a committee member- 
ship of 87: D 820 and D 459, affirmative 55, negative 0, 
ballots marked “not voting” 12; D 460, affirmative 53, 
negative 0, ballots marked “‘not voting”’ 14. ; 

? This method was accepted as tentative by the oy 
and appears in the 1945 Supplement to Book of A.S.T.M. 
Standards, Part III. 

+See p. 322. 
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ae than it was to the previous one. 
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Chemical Analysis of Soaps and Soap 
Products (D 460 — 44), together with sev- 
eral revisions and additions to the Tenta- — 
tive Definitions of Terms Relating to d 
Soaps and Other Detergents (D 459 - 
44 T) as given in the report of Subcom- 
mittee III on Nomenclature and Defi- 
nitions. 

At its meeting on March 13, 1944, the 
Advisory Committee directed the secre- 
tary to send a questionnaire to the — 
members of Committee D-12 to ascertain 
their interest in the work of the various 
subcommittee sections, their willingness 
to carry on the cooperative work of the 
sections in whose activities they are q 
interested, and what facilities they have 
for doing this work, as for example, 
instruments such as washing machines, 
colorimeters, reflectometers, photome- 
ters, sudsing apparatus, etc., that may be 


available in the laboratories of the 
members. 7 
It is regretted that a better response 


was not received from the members with 
respect to this questionnaire. Many 
members gave answers which were too 
superficial to decide the question at 
hand. 

After spending a number of hours in 
endeavoring to analyze the replies, the | 
secretary has arrived at the conclusion ~ 
that the entire effort was practically 
fruitless. In the near future a more de- 
tailed questionnaire will be prepared in 
an effort to secure more definite informa- 
tion. It is hoped that the response to 
this questionnaire will be more adequate 


| La 
1. 
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RECOMMENDATIONS AFFECTING 


STANDARDS 


As referred to in the subcommittee 
reports, the committee is recommending 
the adoption as standard of two tentative 
specifications and two tentative methods 
of test and the continuation of atentative 
revision for another year. The standard 
and tentatives affected are listed in 
Table I. 


The recommendations in this report 
have been submitted to letter ballot of 
the committee which consists of 87 mem- 
bers, with the results shown in Table I. 


EMERGENCY ALTERNATE PROVISIONS 


No changes are recommended by the 
committee at this time in the following 
Emergency Alternate Provisions under 
its jurisdiction, since the conditions 
which made them necessary have not 
improved: 


Designation Emergency Alternate Provisions in: 

EA-D455 Standard Specifications for Milled Toilet 
Soap (D 455 - 39), 

EA-D496a Standard Specifications for Chip Soap 
(D 496 - 39), 

EA -D 498a Standard Specifications for Powdered Soap 
(Nonalkaline Soap Powder) (D 498 - 39), 

EA-D499 Standard Specifications for White Floating 
Toilet Soap (D 499 - 39), 

EA-D 535 Standard Specifications for Palm Oil Solid 
Soap (Type A, Straight; Type B, Blended) 
(D 535 - 41), 

Standard Specifications for Palm Oil Chip 
Soap (Type A, Straight; Type B, Blended) 
(D 536 - 42), 

Standard Specifications for Olive Oil Solid 
Soap (Type A, Straight; Type B, Blended) 
(D 592 - 42), 

Standard Specifications for Salt-Water 
Soap (D 593 - 42), and 

Standard Specifications for Olive Oil Chip 
Ae , Straight; Type B, Blended) 
(D 630 


EA - D 536 
EA - D 592 


EA - D 593 
EA - D 630 


_ This recommendation has been ap- 
proved by letter ballot vote of Subcom- 
mittee II on Specifications and will be 
referred to Committee E-10 on Standards. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Methods of Testing 
(J. B. Crowe, chairman): 

Section A on Soaps (M. L. Sheely, 
chairman) developed the Tentative 
Method of Chemical Analysis of Soaps 


Containing Synthetic Detergents (D 
820-45 T)? and the tentative revision 
of the Standard Methods of Sampling 
and Chemical Analysis of Soaps and 
Soap Products (D 460 -44)* which, as 
mentioned earlier in this report, were 
recently accepted by Committee E-10. 

Section B on Sulfonated Detergents 
(Ralph Hart, chairman) proposed that 
the Tentative Methods of Test for Water- 
Immiscible Organic Solvents Volatile 
with Steam in Sulfonated and Sulfated 
Oils (D 500 — 43 T) be adopted as stand- 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Affir- | N | Markel 
r- | Nega- | Marke 
Items imative tive | “Not 
| Voting” 
I. ApopTion or TENTATIVES AS 
STANDARD 

Spec. for Tetrasodium Pyrophos- 

phate (Anhydrous) (D 595 - 

44 T 62 | 0 6 
Spec. for Liquid Toilet Soap | 

(D 799 - 44 T) 56 0 12 
Test for Immiscible Or- 

ganic Solvents Volatile with | 

Steam in Sulfonated and Sul- | 

fated Oils (D 500 - 43 T) 59 0 9 


Chemical Analysis of Industrial 
Metal Cleaning 
(D 800-44 T)....... 59 0 


II. ConTINUATION OF TENTATIVE 
REVISION OF STANDARD 
Methods of Sampling and Chemi- 


gents (D 501 - 43)... 58 0 | 10 


ard, as recommended earlier in this 
report. 

Section C of Subcommittee I and 
Section D of Subcommittee II, on Dry 
Cleaning Detergents (Mary Deck Hale, 
chairman) have been inactive due to the 
extended illness of Dr. Hale. George P. 
Fulton of the National Association of 
Dyers and Cleaners, former chairman of 
these sections, has been discharged from 
the U.S. Navy and will relieve Dr. Hale 
of work on these sections. 

Section D on Special Detergents (W. 
H. Koch, chairman) has had no problems 
assigned to it during the year. The 
section recommended that the tentative 
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revision of the Standard Methods of 
Sampling and Chemical Analysis of Spe- 
cial Detergents (D 501-43) be con- 
tinued as tentative for another year. 

Subcommittee II on Specifications (F. 
W. Smither, chairman): 

Section A on Soap Specifications 
(Frederick Krassner, chairman) recom- 
mends that the present Emergency Alter- 
nate Provisions remain in force for 
another year as mentioned earlier in this 
report. 

This section also recommended that 
the Tentative Specifications for Liquid 
Toilet Soap (D 799-44 T) be adopted 
as standard since no adverse criticisms 
have been received during the year. 

Section G on Metal Cleaners (J. C. 
Harris, chairman) recommended that the 
Tentative Methods of Chemical Analysis 
of Industrial Metal Cleaning Composi- 
tions (D 800-44T) be adopted as 
standard. 

Subcommittee IIT on Nomenclature and 
Definitions (C. A. Marlies, chairman): 

Following review of the Tentative 
Definitions of Terms Relating to Soaps 
and Other Detergents (D 459 — 44 T),‘ 
the subcommittee recommended the fol- 
lowing revisions and additions to the 
tentative definitions which, as indicated 
earlier in this report, have been approved 
by Committee E-10 on Standards: 

Change the note following the defi- 
nition of ‘surface active agent,”’ from its 
present form: namely, 

Nore.—Surface Active Agent is the general 
term which includes soluble detergents used in 
liquid medium, wetting agents, and foaming 
agents. 


VAN Zitz, 


a 
*1944 Book of A.S.T.M. Standards, Part ITI. > ° 


to read as follows: 


On SOAPS AND OTHER DETERGENTS 


Nore.—Surface Active Agent is the general 
term which includes soluble detergents in liquid 
medium, dispersing agents, emulsifying agents, 
foaming agents, penetrating agents, and wetting 
agents. 

Add to the definition for “titer” the 
phrase “‘by a standardized procedure.” 

Change the definition of “wetting 
agent” to read as follows by the omission 
of the words in brackets: 

Wetting Agent.—A composition which when 
added to a liquid medium increases the svcading 


of the medium on a surface [or the penetration 
of the medium into a material]. 


Add the following new definitions: 


Nonionic Detergent.—A detergent which pro- 
duces electrically neutral colloidal particles in 
solution. 

Penetrating Agent.—A composition which 
when added to a liquid medium increases the 
penetration of the medium into a porous ma- 
terial. 


Subcommitiee IV on Papers and Publi- 
cations (W. H. Koch, chairman): 

A paper by J. C. Harris on “‘Corrosion 
Testing of Water-Soluble Aluminum 
Cleaners” appeared in the August, 1944, 
issue of the ASTM BULLETIN. 

The subcommittee still has under con- 
sideration the paper by W. G. Morse on 
“Cleaning and Cleaning Materials.” 


This report has been submitted to 
letter ballot of the committee which 
consists of 87 members; 67 members 
returned their ballots, of whom 66 have 
voted affirmatively, and 1 negatively. 


Respectfully submitted on behalf of 


the committee, 
F, W. SMITHER, 


Vice-Chairman. 


Secretary. 
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APPENDIX 


TENTATIVE REVISION! OF STANDARD METHODS OF SAMPLING AND 
~CHEMICAL ANALYSIS OF SOAPS AND SOAP PRODUCTS (D 460 — 44)? 


New Sections.—Add the following as 
new sections 68 and 69 on the determina- 
tion of free alkali and potassium car- 
bonate in potash paste soaps: 


FREE ALKALI AND POTASSIUM CARBONATE 
IN PoTASH PASTE SOAPS 


68. Reagents.—-(a) Standard Sulfuric 
Acid (0.5 N). 

(b) Methyl Orange Indicator.—Prepare 
a 0.1 per cent solution in distilled water. 

(c) Phenolphthalein Indicator.—Pre- 
pare a 1 per cent solution in neutral ethyl 
alcohol (95 per cent) (see Section 
53(a)). 

(d) Standard Sodium Hydroxide Solu- 
tion (0.5 N). 

(e) Neutral Ethyl Alcohol (Absolute).— 
Freshly boiled absolute ethyl alcohol 
neutral to phenolphthalein; either For- 
mula No. 3A or No. 30 of the U.S. 
Bureau of Internal Revenue. 

69. Procedure.—(a) Weigh 10 + 0.01 
g. of the sample into a 250-ml. beaker 
and dissolve in 100 ml. of freshly boiled 
distilled water. Add a_ measured 
amount of 0.5 N H.SO, sufficient to 
make the solution acid to methyl orange 
indicator, and bring to incipient boiling 
until fatty acids separate out in a clear 
layer. Excessive boiling should be 
avoided to preclude the possibility of 
volatilization of any low molecular 
weight fatty acids that may be present. 

(6) Add 0.5 ml. of phenolphthalein in- 
dicator, and while stirring the contents 
of the beaker, titrate with 0.5 N NaOH 
until the solution is almost neutral but 
still slightly on the acid side to phenol- 
phthalein. 

(c) Evaporate to dryness on a steam 


1 This tentative revision was accepted by Committee 
E-10 on Standards, May 4, 1945. 


21944 Book of A.S.T.M. Standards, Part III, p. 944. 


bath and dissolve in 200 ml. of neutral 
ethyl alcohol (absolute). Titrate with 
0.5 N NaOH to neutrality to phenol- 
phthalein. 

(d) Determine CO, on a separate sam- 
ple by the train-absorption method (Sec- 
tion 45) or the evolution-volumetric 
method (Section 48). 

70. Calculations.—Calculate the per- 
centages of K,CO; and free KOH as 
follows: 


K =C X 3.140 
K 
K.CO;, per cent = — X 100 
W, 
K 
V; 
0.03455 
Vi = Vi — (V2 + Vs) 
Free KOH, per cent = 


Vi — Vi) X 0.02805 
2 


where: 

K = grams of K,CO; equivalent to C, 

C = grams of COs (Section 69 (d)), 

W, = grams of sample used for deter- 
mination of CO, (Section 69 (d)), 

= milliliters of 0.5 N HeSO, equiva- 
lent to KeCOs, 

V. = milliliters of 0.5 N H2SO, equiva- 
lent to free KOH + K.2CO;, 

V; = milliliters of 0.5 N H2SO, used to 
acidify sample (Section 69 (a)), 

V. = milliliters of 0.5 N NaOH required 
for titration of aqueous solution 
(Section 69 (b)), 

V; = milliliters of 0.5 N NaOH required 
for titration of alcoholic solution 
(Section 69 (c)), and 

W. = grams of sample used for titration 
procedure (Section 69 (a)). 
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Committee D-13 on Textile Materials 
held only one meeting during the year, 
in New York, N. Y., on October 18 to 
22, 1944. The usual spring meeting 
was canceled in order to conform to the 
rulings of the Office of Defense Trans- 
portation. Interest at the October 
meeting was excellent as evidenced by 
the registered attendance of 233 mem- 
bers and guests, and by the fact that 15 
of the subcommittees and sections of 
Committee D-13 held well - attended 
meetings. The executive direction of 
the affairs of the committee required 
two meetings of the officers and one 
meeting of the Advisory Committee. 

Through the medium of a question- 
naire sent to all members, the com- 
mittee is endeavoring to assess the effec- 
tiveness of its present type of organiza- 
tion and procedure with particular 
thought to post-war developments in 
the field of new textile fibers and to any 
demand for standards for ultimate con- 
sumer goods which may materialize. 
A special committee, under the chair- 
manship of R. H. Brown, is now re- 
viewing the replies and will make recom- 
mendations. 

Committee D-13 has taken cognizance 
of the proposal of the British Textile 
Institute to use the term “rayon” as a 
generic term for all man-made fibers. 
This is in marked disagreement with the 
definition adopted by Committee D-13 
in 1926, which appears in the Standard 
Methods of Testing and Tolerances for 


*Presented at Forty-Eighth Annual Meeting of the 
society, June 27, 1945. 
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Continuous Filament Rayon Yarns (D 
258 The A.S.T.M. definition re- 
stricted the term “rayon” to fibers de- 
rived from a cellulose base, and it has 
not been changed since it was first 
adopted. The same concept has also 
been promulgated by the Federal Trade 
Commission, the Federal Tariff Com- 
mission, and has always been so recog- 
nized throughout the textile industry in 
the United States. A. G. Scroggie, 
chairman of Subcommittee B-2 on Nom- 
enclature and Definitions, who was dele- 
gated to act for Committee D-13, has 
presented to the British Textile Insti- 
tute the objections of Committee D-13 
to the British proposal], and has prepared 
a short paper comparing the divergent 
points of view. In order to inform the 
textile industry of the situation, this 
paper has been published in textile 
trade journals in the United States and 
has been submitted for publication in a 
similar manner in Great Britain. Con- 
sideration is being given to the possibility 
of securing an agreement between the 
two countries through the United 
Nations Standards Coordinating Com- 
mittee. 

Special mention should be made of the 
action of Committee D-13 in adopting a 
recommended practice for a universal 
yarn numbering system based on grex 
units. This method is sponsored by 
Subcommittee B-2. This system pro- 
vides a direct and decimalized method, 
based on metric units, and is offered as a 


11944 Book of A.S.T.M. Standards, Part III. 
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substitute for the various and widely 
differing methods now used in the several 
branches of the textile industry. It is 
hoped that the new method may even- 
tually become a universal system and be 


TABLE I.—ANALYSIS OF LETTER BALLOT 
VOTE. 


Ballots 
Nega- Marked 
tive | “Not 

| Voting” 


Affirm- 


ative 


I. New TENTATIVES 


Recommended Practice for Y arn 
Numberin 

Test for E Treated Tex-| 
tiles for Permanence of Re-| 
sistance to Microorganisms | 


II. Revisions or ‘TENTATIVES 


Def. of Terms Relating to Tex- 
tile Materials (D 123-44 T). 
Test for Resistance of Textile 
Fabrics and Yarns to Insect) 
Pests (D 582 - 41 T).. | 
Test for Resistance of Textile) 

Fabrics to Microorganisms| 
(D 684 - 42 T) | 
Testing and Tolerances for Rape 
(D 738 - 43 T) 


Twisted, or Braided Products| 
Made from Flax, Hemp,) 
Ramie, or Mixtures Thereof 
(D 739 - 43 T).. ‘ 


III. Revision oF STANDARD, AND 
REVERSION TO TENTATIVE 


Test for Colorfastness of Colored 
Textiles to Light (D 506 - 41) 


IV. TENTATIVE REVISION 
STANDARDS 


Testing Wool Felt (D 461 — 44). 
Testing and Tolerances for Single 
Jute Yarn (D 541 - 41) 


V. ApopTion or TENTATIVE AS 
STANDARD 


Def. of Terms Relating to Tex- 
tile Materials (D 123 - 44 T),| 
comprising terms turn; yarn,| 
cross-blended; and vam, self- 
blended, as revised.. 


VI. Aportion as STANDARD oF| 
TENTATIVE REVISIONS OF 
STANDARDS 
Spec. for Textile Testing Ma-) 
chines (D 76 - 42; ASA L 15.1-| 
112 


1943) 
Testing Wool Felt (D 461 - 44). | 61 


| 
| 
| 


used for all types of yarns and related 
products. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


Committee D-13 is presenting for 
publication as tentative one new recom- 
mended practice, one new method of 


test, and is recommending the revision 
of five tentatives, the reversion to tenta- 
tive and revision of one standard, 
tentative revisions of two standards, 
and the adoption as standard of one 
tentative and two tentative revisions of 
standards. The revisions being pre- 
sented are included in detail in the Ap- 
pendix and are accompanied, where 
necessary, by brief statements of the 
reasons for such revisions. The new 
tentative recommended practice, the 
new method of test, and the existing 
standards affected are listed in Table I 
and are also referred to under the sub- 
committee activities. 

These recommendations have been 
submitted to letter ballot of the commit- 
tee which consists of 299 members, the 
results being shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 


The recommendations being submitted 
indicate that the various subcommit- 
tees and sections have been quite active 
during the year in spite of war-time 
restrictions. Many important projects 
are under consideration and are men- 
tioned briefly in the following summary 
of subcommittee activities. 
Subcommittee A-1 on Colton and Its 

Products (K. B. Cook, chairman): 

Section I on Cotton (M. E. Campbell, 
chairman) recommends that the Ten- 
tative General Methods of Testing Cot- 
ton Fibers (D 414-40 T) be continued 
as tentative pending further study of 
revisions for the improvement of the 
present methods and the addition of new 
methods for the measurement of length 
and strength of cotton fibers. 

Section II on Cotton Yarns and 
Threads (W. R. Marsden, chairman) 
is studying the Standard General 
Methods of Testing and Tolerances for 
Cotton Yarns (D 180 - 44) with a view 
to improving them in some respects. 

Section IV on Tire Fabrics (Martin 
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Castricum, chairman) recommends that 
the tentative revisions of the Standard 
Methods of Testing and Tolerances for 
Tire Cord, Woven and on Cones (D 179 - 
42) be continued as tentative for another 
year pending a complete revision of the 
standard to include methods of testing 
rayon tire cord. This revision is in proc- 
ess of development. 

Subcommittee A-2 on Rayon and Its 
Products (A. M. Tenney, chairman): 
Section I on Rayon (J. B. Goldberg, 

chairman) is studying Standard Methods 

of Testing and Tolerances for Continuous 

Filament Rayon Yarns (D 258 — 44) with 

respect to proposed revisions. 

Subcommittee A-3 on Wool and Its Prod- 
ucts (A. G. Ashcroft, chairman): 
Section I on Wool (Werner von Ber- 

gen, chairman) recommends that the 
tentative revision of the Standard Speci- 
fications and Methods of Test for Fine- 
ness of Wool Tops (D 472 - 41) be con- 
tinued as tentative for the reason that 
research work is still in progress and suf- 
ficient data has not been accumulated to 
warrant any action at this time. 

This section is studying methods for 
the determination of vegetable matter 
content of wool and is continuing its in- 
terlaboratory studies of the sampling of 
fleeces and the various methods of meas- 
uring fineness. 

Section II on Felt (G. H. Harnden, 
chairman) recommends the adoption as 
standard of the tentative revision! of the 
Standard Methods of Testing Wool Felt 
(D 461 - 44)! which covers the deter- 
mination of acid in felt by the pyridine 
extraction method, and that the remain- 
der of the tentative revision which pro- 
vides certain definitions be continued as 
tentative. 

As a tentative revision? of Standard 
Methods D 461 the section recommends 
hew sections on sampling, a method for 
the determination of air resistance of fil- 


? See Editorial Note, p. 328. 
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ter felts, and an immersion test for water 

absorption of felt as given in the Appen- 

dix. The section also recommends as a 

tentative revision changes in the title of 

Standard Methods D 461, and the sec- 

tions on scope and weight as set forth in 

the Appendix. 

Section III on Woolen and Worsted 
Yarns (Fred Noechel, chairman) is con- 
ducting a study to establish a commercial 
moisture regain for hand knitting yarns. — 
Subcommittee A-4 on Asbestos and Its Tex- 

tile Products (F. S. Mapes, chairman): 

This subcommittee recommends that 
the Tentative Specifications for Woven 
Asbestos Cloth (D 677-42 T) be con- 
tinued as tentative pending the comple- 
tion of work now in progress on a revision 
of the table of properties. 

The subcommittee is studying methods 
for determination of magnetic iron in 
asbestos fibers. 

Subcommittee A-5 on Bast and Leaf Fibers 
and Their Products (S. J. Hayes, 
chairman): 

This subcommittee recommends for 
publication?a revision, as given in the Ap- 
pendix, of the ethylene dichloride extrac- 
tion method in Standard Methods of 
Testing and Tolerances for Single Jute 
Yarn (D 541 - 41) and a similar revision 
in Tentative Methods of Testing and 
Tolerances for Rope (Leaf and Bast Fi- 
bers) (D738-43T) and for Spun, 
Twisted, or Braided Products Made from 
Flax, Hemp, Ramie, or Mixtures Thereof 
(D 739 —- 43 T). 

The subcommittee recommends that — 
Tentative Methods of Testing and Toler- 
ances for Jute Rove and Plied Yarn 
for Electrical and Packing Purposes (D 
681-42 T) be continued as tentative 
pending a proposed revision. 
Subcommittee A-6 on Household and Gar- 

ment Fabrics (Ruth O’Brien, chair-— 

man): 

This subcommittee recommends that 
the Tentative Specifications for Bleached 
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Wide Cotton Sheeting (D 503 -40T), 

for Bleached Cotton Broadcloth (D 504 - 

41 T), for All Wool, All Cotton, and Wool 

and Cotton Blanketing (Household) (D 

576 — 40 T), for Medium-Weight Cotton 

Corduroy Fabrics (D 625-41 T), and 

for Finished, All-Cotton, Upholstery 

Tapestries (D 678-42 T) be continued 

as tentative due to the inability to obtain 

representative peacetime fabrics for the 
necessary further study of the specifica- 
tions for these fabrics. 

Subcommittee A-S on Glass Fiber and Its 
Products (Dean Harvey, chairman): 
This subcommittee is studying meth- 

_ ods of measuring length and twist of 

yarns, effect of jaws on tensile strength of 

yarn, and compatability of varnish and 
fiberglass yarn. A special committee is 
making a statistical study of sampling 
methods. 

Subcommittee B-1 on Methods and Ma- 
chines (W. D. Appel, chairman): * 
Section I on Methods (W. D. Appel, 

chairman) recommends that the Tenta- 

tive Methods for Identification of Fibers 
in Textiles (D 276 —43 T), of Quantita- 

tive Analysis of Textiles (D 629 - 42 T), 

_ for Colorfastness to Atmospheric Gases 

of Dyed Cellulose Acetate Rayon (D 

682 — 42 T), and for Air Permeability of 

Textile Fabrics (D 737 -43 T) be con- 

tinued as tentative pending further 

revision. 

This section also recommends that the 
Standard General Methods of Testing 
Woven Textile Fabrics (D 39 —- 39) and 
the Tentative Methods of Quantitative 
Analysis of Textiles (D 629-42 T) be 
editorially revised as set forth in the 

Appendix. 

Section II on Machines (H. J. Ball, 

chairman) recommends the adoption as 

standard? of the tentative revision in the 

Standard Specifications for Textile Test- 

ing Machines (D 76 — 42) which provides 

more definite specifications for the types 

of machines and their operations, and a 
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general basis for verification of the test- 

ing machines for accuracy. 

Subcommittee B-2 on Nomenclature and 
Definitions (A. G. Scroggie, chairman); 
This subcommittee is recommending 

for publication a proposed Tentative 

Recommended Practice for a Universal 

System of Yarn Numbering.’ 

The subcommittee recommends the 
adoption as standard of the definitions of 
the terms “turn,” “yarn, cross-blended,” 
and “‘yarn, self-blended” appearing in the 
Tentative Definitions of Terms Relating 
to Textile Materials (D 123 - 44 T), re- 
vised as given in the Appendix. 

The subcommittee recommends for 
publication, tentative definitions for 
breaking length, duck, nylon, textile 
nylon, wool, and yarn intermediates. 

A further revision given in the Ap- 
pendix, of Section IIC, Part B of the 
Tentative Definitions D 123 — 44 T, con- 
sists of a change in title and the addition 
of fruit hair fibers and more varieties of 
cotton to make the list more representa- 
tive of commercial trade. Section IID 
has been editorially revised by deletion 
of certain fibers to form “Section ITE— 
Vegetable Fibers—Palm and Miscel- 
laneous Fibers.” 

Subcommittee B-4 on Bleaching, Dyeing 
and Finishing (W. M. Scott, chairman; 
J. Robert Bonnar, acting chairman): 
This subcommittee is recommending 

for publication as tentative new pro- 

posed Tentative Methods of Test for 

Evaluating Treated Textiles for Perma- 

nence of Resistance to Microorganisms.’ 

The subcommittee also recommends 
that the present Standard Method of 
Test for Colorfastness of Colored Textiles 
to Light (D 506 - 41) be revised and re- 
verted to tentative. The revised method 
is appended hereto.' 


* These methods were accepted as tentative by the 
Sox iety and appear in the 1945 Supplement to Book ol 
of A.S.T.M. Standards, Part III. 


‘ These revised methods were accepted by the c Soy 
and appear in the 1945 Supplement to Book of A.S.T 


Standards, Part III. 
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The subcommittee also recommends 
that the Standard Method of Test for 
Colorfastness to Commercial Laundering 
and to Domestic Washing of Cotton and 
Linen Textiles (D 435 — 42) be editorially 
revised as set forth in the Appendix. 

The subcommittee recommends that 
the following tentatives be completely 
revised: Tentative Methods of Test for 
Resistance of Textile Fabrics to Micro- 
organisms (D 684-42 T)* and for Re- 
sistance of Textile Fabrics and Yarns to 
Insect Pests (D 582 - 41 T).' 

The subcommittee recommends that 
the following tentatives be continued as 
tentative: 


Tentative Specifications for: 


Fire-Retardant Properties of Treated Textile 
Fabrics (D 626-41 T). 


Tentative Methods of Test for: 


Volumetric Determination of Small Amounts of 
Copper in Textiles (D 463 - 37 T), 

Apparent Fluidity of Dispersions of Cellulose 
Fibers in Cuprammonium Hydroxide (D 
539 - 40 T), 

Resistance of Textile Fabrics to Water (D 583 - 
40 T), 

Evaluating Compounds Designed to Increase 
Resistance of Fabrics and Yarns to Insect 
Pests (D 627 - 41 T), and 

Identification of Finishes on Textiles (D 683 - 
42 T). 


Specifications’ D 626 are undergoing 
active study. Methods D 463 and D 539 
will be submitted to further study. Re- 
visions in Methods D 583, D 627, and 
D 683 are now under consideration. 

The subcommittee is also studying ac- 
celerated aging tests for cotton. 
Subcommittee C-2 on Papers and Publicity 

(D. G. Woolf, chairman) arranged for 

the presentation of the following pa- 


pers at the October, 1944, meeting: 
‘Tomorrow’s Textiles—Yesterday’s Test 
Methods,”’® by J. B. Goldberg, 


ASTM BuLtetin, No. 135, August, 1945, p. 47. 


“Factors Influencing the Breaking Strength 
of Army and Navy Fabrics,’’® by Werner von 
Bergen, and 

“A Suggested Method for the Thorough Test- 
ing of Antiseptic Fabrics,’’? by Louis C. Barail. 


The following papers were presented at — 
meetings at subcommittees or sections: 


Subcommittee A-1, Section I: 


“The Importance of Various Fiber Properties — 


in American Upland Cotton in Terms of Yarn 
Strength,” by R. W. Webb. 


Subcommittee A-1, Section IV: 


“Fatigue Testing of Rayon Tire Cord,’’? 
by C. B. Budd and Lewis Larrick. 
Subcommittee B-5: 

“The Preparation of Specifications,” by F. S. 
Steadman, 

“The Application of Control Charts to Indigo 
Washing,” by John Hintermaier, and 

“Quality Control in the Manufacture of 
Nylon Shroud Lines,” by J. K. Frederick, Jr. 


Harold DeWitt Smith presented, in 
abridged form, his 1944 Edgar Marburg 
Lecture on ‘Textile Fibers—An Engi- 


a 


neering Approach to an Understanding of - 


Their Properties and Utilization.’” 


This report has been submitted ae 


letter ballot of the committee which con-— 
sists of 299 members; 146 members re- 


turned their ballots, all of whom have 
voted affirmatively, 


Respectfully submitted on behalf of 


the committee, 


W. H. Wuitcomes, 
Secretary. 


H. J. BALL, 
Chairman. 


6 This was an abridged presentation of the original 
paper by Werner von Bergen, John C. Hintermaier, and 
Eric Ullman, ‘‘Factors Influencing the Breaking Strength 
of Army and Navy Fabrics,’’ Proceedings, Am. Soc. Test- 
ing Mats., Vol. 44, p. 916 (1944). 

7 ASTM BuLtetIN, No. 136, October, 1945. 

8 Proceedings, Am. Soc. Testing Mats., Vol. 44, p. 543 
(1944); also issued as a separate reprint. 
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EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-13 presented to the 
Administrative Committee on Standards the following recommendations as 
listed in the report: 


New Tentative Methods for: 

Evaluating Treated Textiles for Permanence of Resistance to Fungi (D 862 - 45 T). 
New Tentative Recommended Practice for: 

Yarn Numbering (D 861 - 45 T). 

Revision of Tentative Methods for: 


Testing Resistance of Textile Fabrics to Mic soorganisms ( (D 684 -45 T), 

Testing Resistance of Textile Fabrics and Yarns to Insect Pests (D 582 - 45 T), 

Testing Spun, Twisted, or Braided Products Made from si ane, Ramie, or Mixtures Thereof 
(D 739 - 45 T), and 

Testing Rope (D 738 - 45 T). 


Revision of Tentative Definition for: 
Terms Relating to Textile Materials (D 123 - 45 T). 


Revision and Reversion to Tentative of Standard Method for: 
Testing Colorfastness of Colored Textiles to Light (D 506 - 45 tT). 


Tentative Revision of Standard Methods for: a 


Testing Wool Felt (D 461 - 44), and 
Testing Single Jute Yarn (D 541 - 41). 


These recommendations were accepted by the Standards Committee « on 
January 17, 1946, and appear in the 1945 Supplement to Book of A.S.T.M. 


Standards, Part III, under the designations indicated above. 
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In this Appendix are given proposed 
revisions in certain standards and tenta- 
tives covering textile materials which 
are referred to earlier in this report. 
These standards and tentatives appear 


APPENDIX 


RECOMMENDATIONS AFFECTING STANDARDS FOR TEXTILE 


RIALS 


The following definitions are recom- 
mended for publication as tentative: 


Duck, n.—A comparatively firm, heavy, 
plain weave cotton fabric, weight per square 


I. NATURAL FIBERS 
C. VEGETABLE FIBERS—SEED AND Fruit Harr FIBers. 


Commercial and Botanical Name? Geographical Sources 
COTTON . aumoueeaedoons Gossypium, various species............. 
1. Upland type = 
Gossypium % toi% United States 
% tol India, China 
Gossypium herbaceum..........- ..| % tol Asia 
2. Sea Island type 
a. Sea Island Gossypium barbadense..............-.+- 144 to 2% 
Montserrat.... Gossypium barbadense............--.--- 1% to 1% British West Indies 
Gossypium 1% to 2% British West Indies 
Florida & Georgia..........| Gossypium barbadense.................. 1% to 1% United States 
b. American Egyptian........ Gossypium 
SxP (Sakel x Pima)........ Gossypium barbadense.................- 1% to 1% United States 
Gossypium 1% to 1% United States 
Gossypium 
Gossypium | 1% to 1% Egypt 
Gossypium 1% to 12 Egypt 
Others 
Maarad)... Gossypiuns 1% to 11% Egypt 
Gossypium peruvianum................. 1 to 1% Peru 
4. American Tree Cotton........ Gossypium 
Marie Galante......... ..| Gossypium 1 to 1% British West Indies 
..| Gossypium 1 to 14 razi 
Haiti (Bourbon)....... .....]| Gossypium pur 1 to 1% Haiti 
MILKWEED Asclepias, various to 1% North America 
“ Preferred or most common names are in capital letters; botanical names are in italics. 


in their present form in the 1944 Book 
of A.S.T.M. Standards, Part III. 


REVISIONS OF TENTATIVES 


Tentative Definitions of Terms Relating 
to Textile Materials (D123-44T): 


In order to provide for the addition of 
fruit hair fibers and to make the list of 
cotton varieties more representative of 
the commercial trade, make the neces- 
sary revisions in the present Table II 
Natural Fibers), Section C (Vegetable 
Fibers—Seed Hair Fibers) to agree with 


the accompanying Table I. 


yard 6 to 50 oz. There are two general types 
of duck based on construction: 

1. Regular Duck, in which both the warp 
and filling yarns are plied and unsized, such 
as numbered, army, hose, and belting duck. 

2. Flat Duck, in which the warp yarns are 
single, sized, with two strands of yarn woven 
as one warp end, interlacing as a unit with 
one filling yarn which is either single or plied. 
Length, Breaking (Critical Length, Maximum 

Length) .—A calculated measure of yarn 
strength. The calculated length of a yarn which 
has just sufficient mass to break of its own 
weight. 

Nylon, n.—A generic term for any long- 
chain synthetic polymeric amide which has re- 
curring amide groups as an integral part of the 
main polymer chain, and which is capable of 


_| 
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being formed into a filament in which the struc- 
tural elements are oriented in the direction of 
the axis. 

Nylon, Textile, n.—Fibers, filaments, yarns, 
and related forms of nylon, suitable for spinning, 
knitting, weaving, braiding, or other textile 
operations. 

Wool, n.—The fibers from the fleece of the 
sheep or lamb, or hair of the angora or cashmere 
goat (and may include the so-called specialty 
fibers from the hair of the camel, alpaca, llama, 
and vicuna) which have never been reclaimed 
from any woven or felted wool product. 

Yarn Intermediates, n.—A generic term for 
products obtained during the conversion of 
fibers to yarns, including card webs, laps, slivers, 
rovings, tops, etc. 


Tentative Methods of Testing and Toler- 
ances for Rope (Leaf and Bast Fibers) 
738-43 T): 


_ Section 11—Change the title and re- 
vise this section from its present form 
to read as follows by the addition of the 
italicized words and the omission of the 
words in brackets: 


11. Ethylene Dichloride Extract: (a) Test 
Specimens.—Two conditioned test specimens 
(Section 5) of approximately 2 g. each shall 
be [weighed] taken from each sample obtained 
in accordance with Section 4 [Record the 
weight of the conditioned specimens as weight 
E.| and accurately weighed to the nearest 1 
mg., weight E. 

(b) Procedure.—Each conditioned test speci- 
men (Paragraph (a)) shall be extracted sepa- 
rately in a Soxhlet apparatus, until the liquid in 
the extraction tube is colorless and clear, siphon- 
ing not less than 20 times with ethylene dichlo- 
ride (boiling point 82.5 to 84 C., acidity less than 
0.001 per cent) (Note 1). The extraction 
apparatus (Note 2) shall be of sufficient capacity 
to hold the specimen easily. The opening in 
the extraction tube shall be protected by a 
filter, free from extractable matter, such as a 
filter thimble, a wrapping of filter paper, or a 
thin layer of cotton or glass wool. The solvent 
shall then be evaporated from the extract until 
the odor of the solvent disappears, the residue 
dried at 100 to 105 C., and cooled to room tem- 
perature in a desiccator. The residue shall 
then be weighed to the nearest 1 mg. The 
residue shall be returned to the oven and the 
drying, cooling, and weighing operations shall 
be repeated until [there is no progressive change 
in weight] the loss in weight is less than I per 
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cent of the weight of the residue in I hr. of heating. 
The residue consists of [oils, fats, waxes, pitch, 
asphalt, tar] oil, wax, and components of the 
natural fiber extractable by the solvent. Re- 
cord the dry weight of the extract as weight F. 

Note 1.—C.p. carbon tetrachloride, U.S.P. 
diethy!] ether, c.p. chloroform, c.p. benzene, or 
any petroleum fraction distilling between 38 
and 100 C. may be substituted for ethylene 
dichloride. 

Note 2.—The type of extraction apparatus 
described in the Standard Methods of Testing 
and Tolerances for Knit Goods (A.S.T.M. 
Designation: D 231) may be used. 

(c) Calculations.—The content of oily and 
fatty substances of each specimen shall be 
separately calculated as a percentage of the 
original conditioned weight of the specimen by 
the following formula: 

W =< 100 F | 


where: 


W = percentage of oils, fats, [waxes], tars, etc. 
(conditioned basis), 

E = weight of conditioned specimen (Para- 
graph (a)), and 

F = weight of dry extract (Paragraph (b)). 


(d) Report—The percentage content of ex- 
tractable matter for the shipment shall be the aver- 
age of the percentage extracts of the specimen 
tested. 


Tentative Methods of Testing and Toler- 
ances for Spun, Twisted, or Braided 
Products Made from Flax, Hemp, 
Ramie, or Mixtures Thereof (D 739- 
43 T): 


Section 23——Change the title and re- 
vise this section from its present form 
to read as follows: 


23. Ethylene Dichloride Extract (a) Test S peci- 
mens.—Two freshly conditioned specimens (Sec- 
tion 21(a)) shall be weighed accurately to the 
nearest 1 mg., weight E£. 

(b) Procedure-—Each conditioned test speci- 
men (Paragraph (a)) shall be extracted sepa- 
rately in a Soxhlet apparatus until the liquid 
in the extraction tube is colorless and clear, 
siphoning not less than 20 times with ethylene 
dichloride (boiling point 82.5 to 84 C., acidity 
less than 0.001 per cent) (Note 1). The ex- 
traction apparatus (Note 2) shall be of sufficient 
capacity to hold the specimen easily. The 
opening in the extraction tube shall be protected 
by a filter, free from extractable matter, such as 
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a filter thimble, a wrapping of filter paper, or a 
thin layer of cotton or glass wool. The solvent 
shall then be evaporated from the extract until 
the odor of the solvent disappears, the residue 
dried at 100 to 105 C., and cooled to room 
temperature in a desiccator. The residue shall 
then be weighed to the nearest 1 mg. The 
residue shall be returned to the oven and the 
drying, cooling, and weighing operations shall 
be repeated until the loss in weight is less than 
1 per cent of the weight of the residue in 1 hr. 
of heating. The residue consists of oil, wax, 
and components of the natural fiber extractable 
by the solvent. Record the dry weight of the 
extract as weight F. 

Note 1.—C.p. carbon tetrachloride, U.S.P. 
diethyl ether, c.p. chloroform, c.p. benzene, or 
any petroleum fraction distilling between 38 
and 100 C. may be substituted for ethylene 
dichloride. 

Note 2.—The type of extraction apparatus 
described in the Standard Methods of Testing 
and Tolerances for Knit Goods (A.S.T.M. 
Designation: D 231) may be used. 

(c) Calculations.—The content of oil and fatty 
substances of each specimen shall be separately 
calculated as a percentage of the original con- 
ditioned weight of the specimen as follows: 


100 F 


E 
where: > 


W = percentage of oils, fats, tars, etc. (con- 
ditioned basis), 

E = weight of conditioned specimen (Para- 
graph (a)), and 

F = weight of dry extract (Paragraph (6)). 


(d) Report.—The percentage content of ex- 
tractable matter for the shipment shall be the 
average of the percentage extracts of the speci- 
mens tested. 


TENTATIVE REVISIONS OF STANDARDS 


Standard Methods of Testing and Toler- 


ances for Single Jute Yarn (D541 - 
41): 


Section 11.—Delete this section and 
renumber subsequent sections accord- 
ingly. 

Section 16.—Change from its present 
form to read as follows: 


16. Ethylene Dichloride Extract: (a) Test Speci- 
mens.—A specimen of approximately 10 g. shall 
be drawn from each of ten tubes, conditioned 
is prescribed in Section 8 and each shall then 


be weighed accurately to the nearest 1 mg., 
weight E. 

(6) Procedure.—Each conditioned test speci- 
men (Paragraph (a)) shall be extracted sepa- 
rately in a Soxhlet apparatus, until the liquid in 
the extraction tube is colorless and clear, siphon- 
ing not less than 20 times with ethylene dichlo- 
ride (boiling point 82.5 to 84C., acidity less than 
0.001 per cent (Note 1). The extraction ap- 
paratus (Note 2) shall be of sufficient capacity 
to hold the specimen easily. The opening in the 
extraction tube shall be protected by a filter, 
free from extractable matter, such as a filter 
thimble, a wrapping of filter paper, or a thin 
layer of cotton or glass wool. The solvent 
shall then be evaporated from the extract until 
the odor of the solvent disappears, the residue 
dried at 100 to 105 C., and cooled to room tem- 
perature in a desiccator. The residue shall 
then be weighed to the nearest 1 mg. The 
residue shall be returned to the oven and the 
drying, cooling, and weighing operations shall 
be repeated until the loss in weight is less than 1 
per cent of the weight of the residue in 1 hr. of 
heating. The residue consists of oil, wax, and 
components of the natural fiber extractable by 
the solvent. Record the dry weight of the ex- 
tract as weight F. 

Note 1.—C.p. carbon tetrachloride, U.S.P. 
diethyl ether, c.p. chloroform, c.p. benzene, or 
any petroleum fraction distilling between 38 
and 100 C. may be substituted for ethylene 
dichloride. 

Note 2.—The type of extraction apparatus 
described in the Standard Methods of Testing 
and Tolerances for Knit Goods (A.S.T.M. 
Designation: D 231) may be used. 

(c) Calculations —The content of oily and 
fatty substances of each specimen shall be 
separately calculated as a percentage of the 
original conditioned weight of the specimen by 
the following formula: 


100 F 


where: 
W = percentage of oils, fats, tars, etc. (con- 
ditioned basis), 
E = weight of conditioned specimen (Para- 
graph (a)), and 
F = weight of dry extract (Paragraph (b)). 
(d) Report—The percentage content of ex- 
tractable matter for the shipment shall be the 


average of the percentage extracts of the speci- 
mens tested. 


Standard Methods of Testing Wool 
Felt (D 461 — 44): 


Title—Change to read as follows by 
the omission of the word in brackets: 


331, 


E 


15 
[- 
d 
P, 
e- 
m 
| 
ec- 
the 
pa- 
uid 
ear, 
ene 
lity 
ex- 
The 
cted 
has 
4 


Standard Methods of Testing [Wool] Felt. 


Section I (a)—Change to read as 
follows: 


1. (a) These methods of test are applicable 
to felt. Felt is a fabric built up by the inter- 
locking of fibers by a suitable combination of 
mechanical work, chemical action, moisture, and 
heat, without spinning, weaving, or knitting. 
Felt may consist of one or more classes of fibers, 
wool, reprocessed wool, and reused wool, with 
or without admixture with animal, vegetable, 
and synthetic fibers.* 

* The terms, wool, reprocessed wool, and reused wool 
are defined essentially in accordance with the Wool Prod- 
ucts Labeling Act, 1939, as follows: 

Wool.—The term ‘‘wool’’ means the fiber from the fleece 
of the sheep or lamb, or hair of the angora or cashmere goat 
(and may include the so-called specialty fibers from the 
hair of the camel, alpaca, llama, and vicuna) which has 
never been reclaimed from any woven or felted wool 
product. 

Reprocessed Wool.—The term “reprocessed wool’’ 

means the resulting fiber when wool has been woven or 
felted into a wool product which, without ever having been 
utilized in any way by the ultimate consumer, subsequently 
has been made into a fibrous state. 
Reused Wool.—The term ‘‘reused wool’’ means the re- 
sulting fiber when wool or reprocessed wool has been spun, 
woven, knitted, or felted into a wool product which, after 
having been used in any way by the ultimate consumer, 
Subsequently has been made into a fibrous state. 


New Section 3—Add a new Section 3 
on sampling to read as follows, renum- 
bering the subsequent sections accord- 
ingly: 


3. Sampling.—Samples shall be cut back 
from the end of the felt a distance equal to the 
width of the piece in the case of roll felt, and 6 
in. from the edge in the case of sheet felt. Test 
specimens, unless otherwise noted, shall be 
taken from the sample at the center and near 
both edges so as to be representative of the felt 
over its entire width. No specimen shall be 
taken within 6 in. of any pin holes or finished 
outer edge. When required, samples shall be 
legibly marked with indelible ink or by other 
means to indicate the lengthwise and widthwise 
direction in the original piece. 


Section 7—Renumber as Section 8, 
and change to read as follows: 


8. representative specimen containing 
not less than 40 sq. in. shall be cut from the felt 
in accordance with Section 2. The specimen 
shall be conditioned in accordance with Section 
3 and then weighed on a balance sensitive to 
0.1 per cent of the total weight. The weight 
shall be expressed in ounces per square yard. 
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New Sections.—Add new sections 19 
and 20 to read as follows: 


DETERMINATION OF AIR RESISTANCE OF 
FILTER FELTs 


19. (a) Scope-—This method of test covers 
the procedure for determining directly the air 
flow resistance of filter felts. 

(b) Apparatus—The apparatus shall con- 
sist essentially of a suction fan or other means 
for drawing air through the test specimen, a 
circular orifice of known area over which the 
felt is clamped, a means of measuring the volume 
of air flow through the felt, a means of adjusting 
the air flow to a known amount, and a manom- 
eter for measuring the pressure drop across the 
specimen of felt. The test area of the circular 
orifice over which the felt is clamped shall be not 
less than 10 sq. in. and shall be known within 
an accuracy of 1 per cent. The clamp shall 
effectively eliminate edge leakage and shall be 
such that it does not interfere with the flow of 
air through the test area. The apparatus shall 
be calibrated directly with a calibrated gasom- 
eter and shall be capable of measuring air flow 
accurately to within 1 per cent. The apparatus 
shall be capable of testing felt up to } in. in 
thickness over a range of filtration rates from 1 
to 300 cu. ft. per sq. ft. per min. 

(c) Test Specimen.—At least five test speci- 
mens shall be taken at separate locations on the 
sample so that the test results will be representa 
tive. 

(d) Conditioning—The specimens shall be 
conditioned in accordance with Section 3 before 
testing. 

(e) Procedure-—The test specimen shal] be 
mounted between the clamp and the circular 
orifice with sufficient tension to draw the felt 
smooth. It shall not be distorted in its own 
plane. Edge leakage shall be checked at the 
specified filtration rate by inserting a pliable 
impervious septum, such as soft rubber sheeting, 
between the clamp or orifice flange and the up- 
stream surface of the felt with the pressure- 
drop manometer line closed. There shall be 
no measurable flow through the apparatus. 
In the absence of edge leakage, conditioned air 
shall be drawn through the known area of the 
felt and through the calibrated flowmeter at the 
required filtration rate. The pressure drop 
across the felt shall then be recorded from the 
manometer to the nearest 0.01 in. of water. 

(f) Report.—The air flow resistance of the 
filter felt shall be expressed as the pressure drop 
in inches of water at the required filtration 
rate. The average of the test results obtained 

on five specimens or at five different locations 
on the felt shall be reported. 
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DETERMINATION OF WATER ABSORPTION OF bottom of the tank. The depth of water in the 
Fett! tank shall be adjusted so that the test specimen 


] 
20. (a) Apparatus.—The apparatus shall is immersed under an average hydrostatic head ; 
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consist essentially of an immersion tank (Fig. of 3.5 in. (Note). After immersion for 60 min. 

1), sinkers, blotters, and a hand roller weighing the a shall be removed from the bay 

1 kg. (2.2 lb.) (Fig. 2). The blotters shall con- immediately placed between two 7 by 8-in. 

form to the following requirements: pieces of dry blotting paper, after detaching the z 
(1) Absorbency, 1 ml. of standard Govern- sinker, and then rolled once over and back with 4 


ment Ink (Note) in 40 to 50 sec., the hand roller. The specimen shall be quickly © 
(2) Caliper, 26 to 26.5 points, and reweighed to the nearest 5 mg. immediately _ 
: (3) Bursting Strength (Mullen), 40 to 45 psi. after the rolling operation, weight B. 
: determined in accordance with the Tentative NotE.—The requirement for depth of im- 
Method of Test for Bursting Strength of Paper mersion will be met if the water in the tank is 
(A.S.T.M. Designation: D 774). 8 in. in depth and the sinker measures 33 in. 


from the lower end to the top of the hook, as 
Note.—The ink shall conform to the Federal shown in Fig. 1. 


Specification for Ink; Writing (TT-I-563a). 
Blotting paper “24 x 19-120 Buff Sterling Blot- 


ting” of the Standard Paper Mfg. Co., Rich- 4 ‘diam. Running Fit 
mond, Va., or its equivalent, will conform to the ' 
requirements specified. for.| | 
| Material: Corrosion- 
1 
| 
e : 
| 
Specimen NotE.—The parts shall be weighed separately before 
| \ | assembling and the weight adjusted by drilling 5/16-in. » 
ir | | \ | of the assembly to 1 kg. (2.2 Ib. or 354 0z.). 
it = ir y + Fic. 2.—Hand Roller for Water Absorption Test. _ 
n Fic. 1.—Immersion Tank for Water Absorption 
Test. (e) Calculation —The water absorption shall 
. (b) Conditioning.—The felt to be tested shall be calculated as a percentage of the original 
> be conditioned in accordance with Section 3. conditioned weight, as follows: 
e- (c) Test Specimens.—Three test specimens, —— 
each 3 in. square, shall be cut from the con- Water absorption, per cent = ~—— x< 100 
ditioned felt and weighed to the nearest 5 mg., 
weight A. 
where: 
ne (d) Procedure-—A sinker shall be attached 
he to the weighed specimen by means of a wirehook A = weight of conditioned specimen (Para- 
p at a point midway between two sides and 0.5 graph (c)), and 
he d —_ he edge (Fig. 1) and the —_" ie« weight of specimen after immersion (Para- 
topped into the immersion tank containing h (d) 
he sre water at a temperature of 70 F. (21 C.). oe oe. 
‘he sinker shall be heavy enough to sink to the 
(f) Report.—Report the average of the results 
is based on by obtained on three specimens as the percentage 
a Textile Chemists and Colorists. of water absorption. 
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_ ApopTion OF TENTATIVE AS STANDARD 


Tentative Definitions of Terms Relating 
to Textile Materials (D 123-44T): 


The committee recommends for adop- 
tion as standard and incorporation in the 
Standard Definitions of Terms Relating 
to Textile Materials (D 123-44), the 
following three definitions revised by 
the addition of the italicized words and 
the omission of the words in brackets: 


Turn, mn. [Cordage] Rope.—The distance 
_ parallel to the axis of a rope in which a strand 
makes one complete spiral. 


Yarn, Cross-Blended, n.—A_ single yarn 
spun from a blend or mixture of different fiber 
species [in a single series of operations]. 

EXAMPLE.—A yarn spun from cotton fibers 

4 and rayon staple, or from wool fibers and acetate 


staple, or from wool and cotton fibers. 


Yarn, Self-Blended, n.—A single yarn spun 
_ from a blend or mixture of the same fiber species 
{in a single series of operations]. 


EXAMPLE.—A spun rayon yarn produced 
from staple of different lengths or different 
deniers. 


EDITORIAL CHANGES IN STANDARD 


Standard Method of Test for Colorfast- 
ness to Commercial Laundering and 
to Domestic Washing of Cotton and 
Linen Textiles (D 435 — 42): 


Section I.—In the second sentence 
after “low temperature” add “(105 F.)”; 
also after “hot” add “(182 F.).” 
Section 2.—In the last sentence change 
_ the reference to “special rubber balls” 
to read ‘}-in. steel balls (stainless) or 
Monel metal.” Omit the reference to 
rubber balls in the accompanying foot 
note to this section. 
_ Section 4—Delete this sec 


tion (in- 


REPORT OF COMMITTEE D-13 (APPENDIX) 


cluding the note) and replace it with the 


following: 


4. The following standard dyeings may be 
used in each test as a guide as to what consti- 
tutes satisfactory colorfastness of the specimens 
tested. They shall be tested at the same time 
and in the same manner as the specimens of 
material being tested for colorfastness. 

C.W. 1.—A 2 per cent dyeing of Diamine 

Fast Blue FFB Pr. 71 (For use in Test 
No. 1) 

C.W. 2.—A 4 per cent dyeing of Primuline 
concentrated, Color Index 812. Diazo- 
tized and developed with Beta Naphthol 
(For use in Test No. 2) 

C.W. 3.—A 2 per cent dyeing of Vat Blue 
2BD 100 per cent powdered, Color Index 
1184 (For use in Test No. 3) 

C.W. 4.—A 2.5 per cent dyeing of a Vat 
Violet BN 100 per cent powdered, Color 
Index 1163. (For use in Test No. 4) 


Norte 1.— Standard C.W. 1 represents a grade 
of dyeing that must be washed carefully and at 
quite a low temperature. This grade is unsuit- 
able for use as trimmings and should not be 
washed with other garments liable to be injured 
by a slight amount of staining. Washing tem- 
peratures should be below 100 F. and there is 
likely to be a slight loss of shade with each suc- 
cessive washing. 

Standard C.W. 2 represents a materially 
lower degree of fastness than C.W. 4 or C.W. 3. 
It is less fast to chlorine and distinctly less fast 
to washing at high temperature. It does not 
lose much in shade, but is liable to stain white 
fabric if the washing temperature goes above 
120 F. 

Standard C.W. 3 represents a slightly lower 
degree of fastness than C. W. 4, mainly as re- 
gards fastness to chlorine. 

Standard C.W. 4 represents the highest degree 
of fastness and does not lose in shade or stain 
white cloth if repeatedly subjected to normal 
laundry treatment. 


Note 2.—These standard dyeings are pre- 
pared according to the standard dyeing pro- 
cedures described in the current Yearbook of the 
American Association of Textile Chemists and 
Colorists, and may be purchased from the Chair- 
man, Research Committee, A.A.T.C.C., Lowell 
Textile Institute, Lowell, Mass. 
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REPORT OI 


In view of requests from industry for 
standards applying to the field of adhe- 
sives and the demand and interest ex- 
pressed, the Executive Committee, after 
a canvass of interested organizations, au- 
thorized the appointment of a Committee 
on Adhesives. Committee D-14 on Ad- 
hesives was formally organized at a meet- 
ing held in Philadelphia, Pa. on June 20, 
1944 with the following scope of activi- 
ties: 

Scope-—The formulation of specifications, 
methods of test, and definitions of terms pertain- 
ing to adhesives, including animal, vegetable, 
mineral, and synthetic types. 

At the organization meeting, the fol- 
lowing temporary officers were elected: 

T. R. Truax, Temporary Chairman. 

P. H. Bilhuber, Temporary Vice- 
Chairman. 

Henry Grinsfelder, Temporary Secre- 
tary. 

The members of the committee repre- 
sent the leading producers and consumers 
of adhesives, the present classification of 
the membership! being as follows: 29 
producers, 23 consumers, 7 general in- 
terests and 1 unclassified member. In 
order to cover the field adequately, the 
following subcommittees were organized 
under the chairmanship of the indi- 
viduals indicated: 

Subcommittee I on Strength Properties 

Chairman: M. H. Bigelow, Chemical Warfare 

Service 
Subcommittee II on Analytical Tests 
Chairman: Leonard Repsher, Bakelite Corp. 


P * Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 
11944 A.S.T.M. Year Book » pp. 299 and 300. 
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ON 
Subcommittee IIT on Permanency 


Chairman: F. J. Wehmer, Minneapolis Mining 
and Mfg. Co. 
Subcommittee ITV on Working Qualities 
Chairman: C. B. Hemming, United States Ply- 
wood Corp. 
Subcommittee V on Specifications 
Chairman: Gerald Reinsmith, Office Chief of | 
Ordnance 
Subcommittee VI on Nomenclature 


Chairman: G. M. Kline, National Bureau of 
Standards ake 


During the year all the subcommittees 
initiated work in their respective fields 
and Subcommittees I, II, III, and IV 
held scheduled meetings. 

The Advisory Committee, consisting 
of the temporary officers, two members- 
at-large, and the subcommittee chair- 
men, held two meetings during the year | 
—on June 20, 1944, and on January 9, : 
1945. At the January meeting action ; 
was taken on a number of applications 
for membership and suggestions were 
received as to proposed additional mem- 
bers. Also proposed by-laws for the 
committee were prepared which have — 
since been approved by letter ballot vote 
of the committee, and plans were formu- 
lated for a Symposium on Adhesives. 

The committee for planning and de- 
veloping the symposium on Adhesives — 
consists of the six subcommittee chair- 
men. The subjects for the symposium — 
will be concerned with methods of testing © 
adhesives, the need for their preparation, 
their character and scope, what has been 
done in the past, and what is planned for 
the future. 

While the work of the subcommittees 
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during the year did not result in the de- 
velopment of approved tests or com- 
pleted specifications for adhesives, con- 
siderable progress was made in reviewing 
and compiling existing information and 
in developing, perfecting, and checking 
test methods. 


This report has been submitted to 
letter ballot of the committee which con- 


pid 
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sists of 60 members; 52 a oo re- 
returned their ballots, all of whom have 
voted affirmatively. 


Respectfully submitted on behalf of 
the committee, 
T. R. Trvax, 
Temporary Chairman, 
HENRY GRINSFELDER, 
Temporary Secretary. 
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REPORT OF COMMITTEE D-16_ 


INDUSTRIAL AROMATIC HYDROCARBONS* 


Committee D-16 on Industrial Aro- 
matic Hydrocarbons was organized the 
latter part of 1943, and held its first gen- 
eral meeting on June 28, 1944, in New 
York, N. Y., during the 1944 Annual 
Meeting of the Society. 

The following statement of scope of the 
work of the committee has been adopted: 


Scope-—Nomenclature, specifications and 
methods of test for industrial aromatic hydrocar- 
bons having boiling points below approximately 
210 C. (410 F.) and which are used for the man- 
ufacture of chemicals or as solvents. 


The following officers were elected in 
June, 1944: 

Chairman, J. M. Weiss. 
Vice-Chairman, V. J. Altieri. 
Secretary, R. P. Anderson. 

The committee regrets the resignation 
(due to retirement) of its secretary, Dr. 
Anderson, effective January 1, 1945. 
W. L. Douthett has been elected as his 
successor. 

The committee consists of 33 members, 
of whom 15 are classified as producers, 15 
consumers, and 3 as general interest 
members. 

At the June, 1944, meeting several 
methods of test and specifications de- 
veloped by the subcommittees were 
recommended for publication as informa- 
tion as a means of securing constructive 
suggestions for their improvement look- 
ing toward their submittal for publica- 
tion as tentative. Numerous comments 
have been received and studied, and ap- 
propriate action was taken through 


. “Presented at Forty-Eighth Annual Meeting of the 
lety, June 27, 1945. 


correspondence and at a meeting of the 
Advisory Committee held in New York, 
N. Y., on April 6, 1945. 

The various proposals of the five sub- 
committees reporting have been based on 
tests and specifications employed in the 
aromatic chemical and aromatic solvent 
field for many years, although to this 
date they have not been standardized by 
A.S.T.M. These recommendations have 
been made in order adequately to cover 
the requirements for the specifications 
and methods of test believed essential to 
control quality of products for the aro- 
matic chemical and solvent manufactur- 
ers and consumers. The specifications 
primarily cover aromatic hydrocarbons 
derived from coal tar but will be 
modified or augmented, if necessary, if 
and when these products as such are 
generally available from petroleum. 
Cognizance has also been taken of pres- 
ent A.S.T.M. standard procedures and 
specifications likely to conflict with 
those believed necessary for proper use by 
Committee D-16 and, where necessary, 
cooperative efforts with committees hav- 
ing jurisdiction over the method of test 
or specifications in question have and 
will be made. 


New TENTATIVES 


The committee is submitting seven 
new methods of test and twelve new 
specifications for publication as tentative 
as listed in Table I. They are ap- 
pended hereto! and are further referred 


1 These methods and specifications were accepted as 
tentative by theSociety and appear in the 1945 Supplement 
to Book A.S.T.M. Standards, Part III. : 


+ 


| 7 
of 
= 


338 REPORT OF COMMITTEE D-16 


to in the reports of the responsible sub- 
committees. 

These recommendations have been 
submitted to letter ballot of the com- 
mittee, which consists of 33 voting mem- 
bers; 29 members returned their ballots 
with the results shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 
Af- Ballots 


Nega- | Marked 
Items firma-| ‘tive | “Not 


tive Voting” 
New TENTATIVES 
Test for Specific Gravity, Color, ] 
and Hydrogen Sulfide and Sul- 
fur Dioxide Content (Qualita- 
tive) of Aromatic 
Hydrocarbons ....... VA 
Test for Distillation of Indus- 264 1% t 
trial Aromatic Hydrocarbons* | 95 3 1 


Test for Acid Wash Color of 
Benzene, Toluene, Xylene, and 
Similar Industrial Aromatic 
Hydrocarbons ... 27 0 2 

Test for Acidity of Benzene, 
Toluene, Xylene, and Similar 
Industrial Aromatic Hydrocar- 


bons 
Test for Solidifying Point of 
Benzene 28 0 1 
Test for Paraffins in Industrial 
Aromatic Hydrocarbons... ..| 26 0 3 
Test for a? Corrosion of 
Industrial Aromatic Hydro- 
carbons 28 0 
Spec. for Nitration Grade Ben- 
24 1 1 


zene 
Spec. for Industrial Grade Ben- 
24 1 1 
Spec. for Nitration Grade Tolu- 


ene . 23 2 1 
Spec. for Industrial Grade Tolu-| 

ene 24 1 1 
Spec. for Nitration Grade 

Xylene 24 1 1 
Spec. for Five-Degree Xylene 24 1 1 
Spec. for Ten-Degree Xylene 25 1 1 
Spec. for Industrial Grade 

Xylene... x4 25 1 1 
Spec. for Industrial 90 Benzene | 26 1 0 
Spec. for Refined Solvent Naph- 

tha 25 1 1 
Spec. for Crude Light Solvent 

Naphtha 24 1 2 
Spec. for Crude Heavy Solvent 


@ The classified vote on the new tentative Method of 
Test for Distillation of Industrial Aromatic Hydrocarbons 
was as follows: Affirmative: 12 producers, 11 consumers, 2 
general interests: negative: 2 producers, 1 consumer. 


ACTIVITIES OF SUBCOMMITTEES 


_ Subcommittee I on Methods of Test for 
Crude Aromatic Products (D. F. Gould, 
chairman).—This subcommittee has in 
preparation for publication as tentative a 
Method of Test for Refined Water-White 
Constituents in Light Oil. Other ac- 
tivities of this subcommittee include 
the development of methods of sampling, 


in conjunction with Subcommittee II, 
and the consideration of improved means 
of evaluating crude aromatic products. 

Subcommittee II on Methods of Test for 
Refined Aromatic Products (V. J. Altieri, 
chairman).—Considerable activity on 
the part of this subcommittee resulted 
in the recommendation of the following 
methods of test for publication as tenta- 
tive: 


Methods of Test for: 

Specific Gravity, Color, and Hydrogen Sulfide 
and Sulfur Dioxide Content (Qualitative) 
of Industrial Aromatic Hydrocarbons, 

Distillation of Industrial Aromatic Hydro- 
carbons, 

Acid Wash Color of Benzene, Toluene, Xylene, 
and Similar Industrial Aromatic Hydro- 
carbons, : 

Acidity of Benzene, Toluene, Xylene, and Simi- 
lar Industrial Aromatic Hydrocarbons, 

Solidifying Point of Benzene, 

Parafiins in Industrial Aromatic Hydrocarbons, 
and 

Copper Corrosion of Industrial Aromatic Hy- 
drocarbons. 


This subcommittee has conducted 
cooperative distillation tests to evaluate 
the Proposed Tentative Method listed 
above in relation to three forms of 
apparatus. The results of these coopera- 
tive tests on industrial 90 benzene, in- 
dustrial pure benzene, industrial pure 
toluene, nitration grade toluene, indus- 
trial grade xylene, and nitration grade 
xylene appear in Appendix I? 

Subcommittee II, through its Group I 
on Sampling (C. B. Francis, chairman), 
in conjunction with Subcommittee I, has 
reviewed existing standard practice in 
the field of sampling, and has prepared 
preliminary Proposed Tentative Methods 
of Sampling Crude and Refined Indus- 
trial Aromatic Hydrocarbons. — This 
work now is in the established channels 
designed to evolve appropriate methods 
of sampling. 

Subcommittee IIT on Specifications for 
Aromatic Chemicals (J. N. Wickert, 
chairman).—This subcommittee has rec- 


2 See p. 340. 
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ommended the following specifications 


for publication as tentative: 
Specifications for: 

Nitration Grade Benzene, 
Industrial Grade Benzene, 

’ Nitration Grade Toluene, 

1 Industrial Grade Toluene, 

| Nitration Grade Xylene, and 


Five-Degree Xylene. 


Specifications for additional aromatic 
chemical products will be considered. 

Industrial grade toluene is now covered 
by the A.S.T.M. Specifications for In- 
dustrial Pure Toluene (Toluol) (D 362 - 
36) but for aromatic chemical use, 
0- different quality is required and the mat- 
ter of jurisdiction is now being discussed 
with Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products. 
ii- Subcommittee IV on Specifications for 
Aromatic Solvents (R. F. Ruthruff, 
chairman).—This subcommittee has de- 
veloped and recommended the following 
y- aromatic solvent specifications for publi- 
cation as tentative: 
Specifications for: 


te Ten-Degree Xylene, 
Industrial Grade Xylene, 

ed Industrial 90 Benzene, 

of Refined Solvent Naphtha, 
ra- Crude Light Solvent Naphtha, and 
in- Crude Heavy Solvent Naphtha. 
ire Industrial 90 benzene and industrial 
us- xylene are now covered by A.S.T.M. 
de Specifications for Industrial 90 per cent 

Benzene (Benzol) (D 361-36) and for 

pl Industrial Xylene (Xylol) or Solvent 
n), Naphtha (D 364 — 36), respectively, and 
has steps have been taken to adjust differ- 
in ences with Committee D-1 which has 
red had jurisdiction over these two stand- 
ods ards, . 
lus- Realizing that the specifications for 
This aromatic solvents, referred to above, are 
nels more or less similar to the specifications 


27, 1945. 
A.S.T.M. Standards, Part III. 
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EDITORIAL Note 


i indicated in the Summary of Proceedings, p. 10, the recommendations — 
affecting tentatives referred to in the report were submitted by Committee 
D-16 and accepted by the Administrative Committee on Standards on June 
The new tentatives appear in the 1945 Supplement to Book of 
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developed and utilized by the coal-tar in- 
dustry over a considerable period of time, 
and that such materials from petroleum 
may be a factor in the future, a Special 
Committee on Aromatic Petroleum Sol- 
vents (W. H. Bahlke, chairman) from 
this subcommittee was appointed to in- 
vestigate, determine, and report the 
types of aromatic hydrocarbons and 
solvents which the petroleum industry 
intends to produce in the post-war 
period so that an effort can be made at 
least to initiate the preparation of suit- 
able speciftcations for such materials. It 
was concluded by this group that any 
attempts to standardize at this time on 
specifications for aromatic chemicals and 
solvents from petroleum would be prema- 
ture and perhaps lead to undue compli- 
cations. A report of this special 
committee appears in Appendix II.’ 


| 
| 
ubcommittee V on Nomenclature (J. : 


Bennett Hill, chairman).—This subcom- 
mittee has been faced with the question 
of whether to use the terminology “ben- 

zol,” “‘toluol,” etc., or a terminology 
ending with the suffix “ene.” The de- 
cision has been that the a usage 
is the “-ene” suffix and this nomencla- 
ture has been adopted for committee 
publications. 


This report has been submitted to let- 
ter ballot of the committee which con- 
sists of 33 voting members; 21 members 
returned their ballots, of whom 19 have 
voted affirmatively, and 1 negatively. 


Respectfully submitted on behalf of 
the committee, 


J. M. WEIss, 
Chairman, 
W. L. DouTHETT, 
Secretary. 


3 See p. 348. 
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At the meeting of Committee D-16 
held on June 28, 1944, it was recom- 
mended that cooperative distillation 
tests should be undertaken to evaluate 
the Proposed Tentative Method of Test 
for Distillation of Industrial Aromatic 
Hydrocarbons.! 

A series of tests by nine cooperating 
laboratories was accordingly arranged by 
Group 3 under the chairmanship of D. F. 

~ Gould, of Subcommittee IT on Methods 
of Test for Refined Aromatic Products. 
. In these tests comparisons were made 
of the following forms of apparatus: 
(1) The apparatus specified in the 
Proposed Tentative Method, 
(2) The apparatus specified in the 
- Proposed Tentative Method modified by 
_use of the condenser and shield described 
in A.S.T.M. Method D 86, and 
(3) The 250-ml. Saybolt flask specified 
in A.S.T.M. Method D 158, the conden- 
ser and receiver described in A.S.T.M. 
Method D &6, and the Solvents Distilla- 
thermometers 40 C--44T and 41 
from A.S.T.M. Specifications 
E11; 
Samples of industrial 90 benzene, in- 
_ dustrial grade benzene, industrial grade 
= nitration grade toluene, indus- 
trial grade xylene, and nitration grade 
_ xylene, were distributed to and tested 
by the cooperating laboratories. The 


1 This method was accepted as tentative by the cocety 
and apoenes in the 1945 Supplement to Book of A.S.T.M. 
Standards, Part III. 


2 1944 Book of A.S.T.M. Standards, Part III. 
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COOPERATIVE DISTILLATION TESTS 


results obtained are shown in Tables I 


to VI. The following notes should be 
considered in connection with these 
results: 


Sun Oil Co—The thermometer speci- 
fied in Method I was used through- 
out. Heating was done by means of 
an electric heater, and the data were 
not corrected. 
Standard Oil Development Co.—An 
electric heater was used in Methods 
2 and 3. Results are uncorrected. 
Carnegie-Illinois Steel Corp.—This lab- 
oratory used its own thermometer 
(70 to 150 C.) throughout the tests. 
On distillation tests of materials of this 
character, it is to be expected that tem- 
peratures at the 50 per cent point should 
be reasonably constant and, in the case 
of pure grades of individual hydrocarbons 
should lie close to the true boiling point 
of that hydrocarbon. In view of the 
discrepancies at the 50 per cent point, 
it seemed advisable to recalculate the 
data to a uniform temperature at the 50 
per cent point for more accurate com- 
parisons of the methods. For example, 
in the results for Method I on nitration 
toluene, in two cases the observed tem- 
peratures did not reach the specified 
boiling point of toluene. Average tem- 
peratures corrected in this manner are 
given in Table VII. 

The variations in results of the several 
laboratories naturally are less when the 
corrected data are used. The variation 
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in the results are least and the accuracy 
is best when comparison is made be- 
tween laboratories which have consider- 
able experience in the testing of rela- 


tively pure hydrocarbons such as 
nitration grade toluene. It is apparent 
that there is too much variation in start 
and dry point temperatures. In situa- 
tions where the known sources of error 
are not eliminated, it is known that seri- 
ous errors occur when the thermometer 
used does not conform with the essential 
requirements given in the proposed ten- 
tative method. One of the most impor- 
tant of these requirements concerns the 
design and location of the contraction 


On CooPERATIVE DISTILLATION TESTS 


chamber of the thermometer. Conse-. 
quently, the proposed tentative method 
has been designed to the end that oper- 
ators using properly selected equipment 
may acquire the skill needed to obtain 
the accuracy and precision® given in the 
specifications. 


Respectfully submitted on behalf of 
Subcommittee IT, 


% Accuracy refers to the degree of concordance between 
the results and the true value. Precision refers to the nu- 
meric measure of the reliability after eliminating known 
sources of error and indicates the reproducibility of the 
procedure used by a skillful and careful operator. 


V. J. ALTIERI, 
hairman. 
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TABLE I.—DISTILLATION TESTS OF INDUSTRIAL 90 BENZENE. 
Temperature, deg. Cent. 
NII, ive coc cesccsdicekns Start 5 per cent | 50 per cent | 90 per cent | 95 per cent | Dry Point 
Metuop 1—Proposep TENTATIVE METHOD 
Shell {(A) 81.6 82.3 84.1 94.6 105.8 112.0 
81.4 82.2 84.2 95.1 107.0 114.3 
‘exas Co. 81.0 82.2 84.1 95.2 99.6 115.2 
81.0 82.2 84.2 93.8 105.0 114.5 
Minimum 80.8 82.0 84.0 93.5 99.6 112.0 
Maximum.. 81.6 82.3 84.3 96.5 111.3 >120.0 
81.1 82.24 84.15 95.07 105.49 114.85 


Metuop 2—A.S.T.M. Metuop D 86, Mopiriep By Use or FLASK AND THERMOMETER SPECIFIED IN METHOD 1 


| 

81.2 82.4 84.2 94.2 104.9 114.6 
81.0 82.1 83.9 116.7 
80.4 81.4 83.4 92.8 103.4 115.8 
Sun Oil ae 80.6 82.2 84.3 96.1 111.0 114.0 
80.8 82.2 84.3 94.3 105.8 114.5 
Barrett Nckeaeiehaaunaeueswasaesee 80.8 82.2 84.0 92.8 103.5 113.6 
80.4 81.4 83.4 92.8 103.4 113.6 
81.2 82.4 84.3 96.5 111.0 116.7 
80.80 82.10 84.05 94.45 105.38 114.80 


Metnop 3—A.S.T.M. D 158 FLask, A.S.T.M. D 86 ConDENSER AND REcEIvER, E I (40C-44T) anv E I (41C-44T) | 


THERMOMETERS 
81.4 | 82.3 | 84.3 93.8 103.6 114.8 
\(B 81.2 82.2 | 84.2 94.0 103.4 119.6 
81.1 82.0 84.4 96.0 113.3 
81.1 82.1 83.9 96.9 116.9 
80.6 81.9 84.0 94.0 105.1 113.7 
Barrett... 80.4 81.6 | 83.5 93.6 104.5 114.2 
80.4 81.6 83.5 93.6 103.4 113.7 
81.4 82.3 84.4 96.9 105.1 119.6 
81.03 82.06 84.07 94.64 104.20 115.27 
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TABLE II.—DISTILLATION TESTS OF INDUSTRIAL GRADE BENZENE. 


Temperature, deg. Cent. 


| Start | 5 per cent | 50 per cent | 90 per cent | 95 per cent | Dry Point 


1—ProposeD TENTATIVE METHOD 


| 80.0 


Ss 


Std. Oil of Indiana 
Carnegie—Illinois 
& Laughlin. . 


Ss 


w 
| oococeco 


Minimum 
Maximum 
Average 


SS 


SEs 


soe 


Coo! woe 
SSS 


90 
SS 


Metuop 2—A.S.T.M. Metuop D 86 MopiFIEep By 


Shell 

Std. Oil of Indiana 

Carnegie—IIlinois 

Jones & Laughlin 


Eastern Gas 
Barrett 


| 
ESESS 
ssssssss 
SSSSSSSE 


80.3 
80.3 
80.4 
80.1 


Minimum 
Maximum 
Average 


win 
a 
SSs 
neo 
ware 
00 00 
aoe 


Metuop 3—A.S.T.M. D 158 Fiask, A.S.T.M. D 86 ConpDENSER AND RECEIVER, E If(40C-44T) and E I (41C-44T) 
THERMOMETERS 


SSS 


Std. Oil of Indiana...... 
Carnegie—IIlinois 

Jones & Laughlin 

Std. Oil Devel. Co 


sos 


| 


soe 


| RAs! | ID 
= 


int 
Shel 
80.1 
80.5 
80.30 2 
Ces sen SPECIFIED In 1 
| | 
6 
8 Sun 
Shel 79.7 80.2 a 80.4 80.7 
79.6 80.3 80.4 80.5 
79.3 | 80.1 80.3 7 
79.4 80.0 80.3 80.9 
Barrett Ss 79.0 | 80.1 80.2 80.2 
Minimum 79.0 80.0 80.2 80.2 ; 


TABLE III.—DISTILLATION TESTS OF INDUSTRIAL GRADE TOLUENE. 


| Temperature, deg. Cent. 


Fae PO. ois iicsiiiiccnecsvccs | Start | 5 per cent | 50 per cent | 90 per cent | 95 per cent | Dry Point 


MetHop 1—Proposep TENTATIVE METHOD 


Shell 109.9 110.0 110.5 
Carnegie—Illinois...................... 110.0 110.5 Se 
109.1 109.7 110.2 


Std. Oil of Indiana.................... 109.4 110.0 . 110.4 
Jones & Laughlin...................... 109.5 | 110.1 110.5 
Sun Oil 109.0 | 109.8 110.3 
Minimum 108.2 109.4 110.0 
Maximum..... 109.8 | 110.5 110.6 
Average 109.19 | 109.95 110.34 


Metnop 2—A.S.T.M. Metuop D 86, Mopirrep By Use oF FLASK AND THERMOMETER SPECIFIED IN METHOD 1 


~" METHOD 3—AS.T.M _D 158 FLAsk, AS.T.M.D 86 CONDENSER AND RECEIVER, E I (40C-44T) and E I (41C-44T) 


THERMOMETERS 
Shell ins tick'nanaheeneuteKewetes 8 110.0 110.5 110.8 110.8 111.1 
(B) 109.7 110.0 110.5 110.7 110.7 111. 

Std. Oil of Indiana... 109.2 109.8 | 110.4 110.6 110.6 110.6 
Jones & Laughlin 109.2 109.8 110.3 Sea 110.6 

109.1 | 109.6 110.2 110.4 110.4 110.4 
Rs vinsabaacubeedeccaas 109.1 | 109.6 | 110.2 110.4 110.4 110.4 
10.0 | 110.4 | 110.5 110.8 110.8 111.3 
110.39 110.63 110.83 
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TABLE IV.—DISTILLATION TESTS OF NITRATION GRADE TOLUENE, 


Temperature, deg. Cent. 


5 per cent | 50 per cent | 90 per cent | 95 per cent | Dry Point 
MeEtHop 1—PRoposep TENTATIVE METHOD 
110.5 110.6 110.6 110.6 110.8 
ee 110.6 110.7 110.8 | 110.9 
Sun Oil 110.2 110.3 110.4 110.4 110.5 
& 110.2 110.4 110.5 110.5 110.6 
dad 111.1 110.7 110.8 110.8 111.2 


Metnop 2—A.S.T.M. Mernop D 86, 


MopirFiep By UsE or FLAsK 


110.6 110.6 110.8 | 110.8 110.8 
109.6 | 109.8 109.8 109.8 109.8 
110.3 | 110.4 110.5 | 110.5 110.6 
110.6 } 110.6 110.8 | 110.8 111.0 
110.6 | 110.8 110.9 110.9 111.0 
110.5 | 110.7 110.8 110.8 110.8 
109.6 109.8 109.8 109.8 109.8 
111.0 110.8 110.9 110.9 111.2 
110.48 110.51 110.61 110.60 110.75 
Metuop 3—A.S.T.M. D 158 Frask, A.S.T.M. D 86 ConDENSER AND RECEIVER, E I (40C-44T) ann E I (41C-44T) 
THERMOMETERS 
110.6 110.7 | 110.8 110.8 110.9 
110.5 110.6 | 110.7 110.8 111.0 
110.4 110.6 | 110.6 110.6 110.6 
110.3 110.5 110.6 110.6 
110.5 110.6 110.8 110.8 111.0 
110.2 110.4 | 110.5 110.5 110.6 
110.2 110.4 | 110.5 110.5 110.6 
110.9 110.7 110.8 110.8 111.2 
110.49 110.57 110.70 . 


CoopeRATIVE DISTILLATION TESTS 345 | 
= 
iat 
pint 
4 
84 
tp 
— = 
).6 
).6 
1.4 
1.3 


REPORT OF ComMMITTEE D-16 (ApPENDIx I) 


TABLE V.—DISTILLATION TESTS OF INDUSTRIAL GRADE XYLENE. 


Temperature, deg. Cent. 


Start 


5 per cent | 50 per cent | 90 per cent | 95 per cent | Dry Point 


MetHop 1—Proposep TENTATIVE METHOD 


Shen 


Std. Oil of Indiana 


Carnegie—Illinois 

ones & Laughlin 

Texas Co. 

Sun Oil 

Std. Oil Devel. Co. 

Eastern Gas ; 

Barrett... 
Minimum 
Maximum. 
Average . 


134.3 
134.3 


135.5 139.1 
135.5 139.1 
134.8 138.7 
135.5 139.2 
135.1 138.7 
135.1 139.0 
134.9 | 139.0 
135.0 | 139.2 
133.0 138.9 
135.3 139.0 
133.0 138.7 
135.5 139.2 
134.97 138.99 


144.5 148.3 
144.3 148.3 
144.0 145.7 
143.5 
144.2 147.5 
144.1 147.8 
144.2 147.5 
144.0 
144.2 147.6 
143.5 145.7 
144.5 148.3 
144.11 147.53 


MetHop 2—A.S.T.M. Metuop D 86, Mopiriep sy Use or FLASK AND THERMOMETER 


(A)... 
Shell (3) 


Carnegie—Illinois 

— & Laughlin 
exas Co. 

Sun Oil.. 

Std. Oil Devel. Co. 

Eastern Gas 

Barrett 


Minimum 


Maximum....... 


Average 


133.2 
132.8 
131.9 
133.6 
132.71 


135.1 | 138.8 
135.3 139.2 
134.8 138.7 
135.0 138.8 
134.9 139.0 
134.6 138.8 
135.2 138.9 
135.3 139.1 
134.6 | 138.7 
135.3 139.2 
135.03 138.79 


143.7 146.5 
143.5 

143.7 146.9 
144.1 147.8 
143.9 146.8 
143.9 147.0 
143.7 146.0 
143.5 146.0 
144.1 147.8 
143.79 146.83 


Metnop 3—A.S.T.M. D 158 Fiask, A.S.T.M. D 86 ConDENSER AND RECEIVER, E I (40C-44T) ann E I (41C-44T) 


THERMOMETERS 

133.0 134.7 138.6 | 144.1 147.2 | >152.0 
| 133.3 134.9 138.8 144.1 147.3 > 152.0 
132.4 134.6 139.0 143.9 146.9 | ~ 151.0 
132.3 134.5 139.1 143.9 146.9 152.0 
131.5 134.8 138.7 144.0 146.6 151.7 
131.5 134.5 138.6 143.8 146.6 151.0 
133.3 135.6 139.1 144.1 147.3 153.2 
132.49 134.90 138.87 143.97 146.98 152.13 
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= TABLE VI.—DISTILLATION TESTS OF NITRATION GRADE XYLENE 


Temperature, deg. Cent. 


SE TD 555s iiesicncecckewenes | Start 5 per cent | 50 per cent | 90 per cent | 95 per cent | Dry Point 


— 


MeEtTHOD 1—PRoposED TENTATIVE METHOD 


Shell 139.1 | 139.2 139.6 140.1 140.4 

Std. Oil of Indiana........... 138.8 | 139.0 139.3 139.8 140.1 

— & Laughlin 138.9 139.1 139.4 139.9 

138.8 | 139.2 139.5 | 140.0 140.3 

Sun Oil 138.6 139.1 139.4 140.0 140.4 

139.0 | 139.4 139.6 | 140.2 140.6 

139.0 | 139.3 139.6 | 140.0 140.3 
139.1 139.6 139.6 | 140.2 140.6 
138.93 139.23 139.50 | 140.03 140.39 


MetuHop 2—A.S.T.M. Metnop D 86, MopiFiep By USE oF FLASK AND THERMOMETER SPECIFIED IN M 


of 138.7 139.0 139.3 139.9 140.2 
ars 138.6 | 138.9 139.3 | 139.7 
cds 138.4 139.0 139.4 140.0 140.2 
138.9 139.3 139.5 140.0 140.3 
| 138.4 138.9 139.3 } 139.7 140.2 
138.78 139.18 | 139.46 139.94 140.32 140.80 
METHOD 3--A.S.T.M. D 158 Frask, A.S.T.M. D 86 ConDENSER AND RECEIVER, E I (40C-44T) ann E I (41C-44T) 
THERMOMETERS 
139.0 139.2 139.6 140.2 140.5 141.0 
ere 138.7 139.0 139.4 139.9 140.2 140.4 
138.7 139.1 139.4 140.5 
138.1 139.0 139.4 140.0 140.2 142.0 
138.1 138.9 139.3 139.9 140.1 140.4 
139.0 139.3 139.6 | 140.2 140.5 142.0 
TABLE VII—DISTILLATION RESULTS 
CORRECTED TO UNIFORM TEMPERATURE AT 50 PER CENT OFF?. 
| Temperature Average Temperature, deg. Cent. 
Material for 50 per | Method 
cent over Start 5 per cent | 90 per cent | 95 per cent | Dry Point 
Benzene, Industrial 90 84.2 C. 1 81.16 82.26 | 95.02 105.51 114.87 
2 80.95 82.25 94.73 105.18 114.96 
3 81.17 82.06 | 94.71 104.34 115.41 
zene, Industrial 80.1 C. 1 79.23 | = 79.97 80.20 | 80.31 80.42 
rade 2 79.24 | 79.87 80.17 | 80.28 80.43 
3 79.42 | 79.87 80.17 | 80.32 80.50 
iene, Industrial 110.6 C. 1 109.35 110.09 110.81 110.86 110.92 
rade 2 109.36 110.13 | 110.83 110.88 111.00 
3 109.62 | 110.06 | 110.82 110.83 110.96 
uene, Nitration 110.6 C. 1 110.22 110.48 110.68 110.69 110.79 
rade 2 110.14 110.49 110.70 110.72 110.77 
3 110.20 110.45 110.70 110.72 110.80 
Xylene, Industrial 139.0 C. 1 133.17 134.98 144.14 147.51 | 152.31” 
rade 2 132.80 134.09 143.93 146.93 152.84 
3 132.62, 134.89 144.12 147.25 152.24” 
x ene, Nitration 139.6 C. 1 139.00 | 139.26 140.15 | 140.48 140.99 
srade 2 138.87 139.24 140.11 | 140.42 140.87 
3 138.60 139.22 140.15 140.40 | 141.00 


, Includes all data received except those from one laboratory which did not give temperature at 50 per cent point. 
Widely discordant results from one laboratory for dry point omitted. 


™ 
141.6 
141.3 
140.4 
141.2 
140.5 ‘ 
140.8 
141.0 : 
141.0 
140.9 
140.6 
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141.6 
140.93 
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APPENDIX II 


REPORT OF SPECIAL COMMITTEE ON AROMATIC 
PETROLEUM SOLVENTS 


In July, 1944, a special committee con- 
sisting of W. H. Bahlke, chairman, W. L. 
Douthett, A. P. Hewlett, J. B. Hill, E. T. 
Scafe, and FE. G. Travis was appointed to 
consider the desirability of formulating 
preliminary specifications for aromatic 
solvents from petroleum. 

The concensus of the special committee 


is that the picture on production of aro- 


matic solvents from petroleum has not 
developed sufficiently to warrant the 
proposal of even preliminary specifica- 
tions for such materials. 

There are only one or two refiners who 
currently produce aromatic type sol- 
vents. With so few producers, there is 
no immediate need for standardization. 
While there are other petroleum refiners 
who as a result of the impact of war are 
now producing aromatics for use in mak- 
ing explosives and aviation gasoline, it is 
felt that in general these refiners have 
been too much concerned with the pro- 
duction of those products to make defi- 
nite plans for post-war utilization of the 
available equipment. Any attempt now 


to standardize would therefore be pre- 
mature, and perhaps lead to undue com- 
mitments. 

In conclusion it may be pointed out 
that in the event that Committee D-16 
should choose to deal further with the 
question of aromatic solvents from pe- 
troleum there are some jurisdictional 
matters that seem to need attention. It 
appears that Committee D-1 on Paint, 
Varnish, Lacquer, and Related Products 
and possibly Committee D-2 on Petro- 
leum Products and Lubricants, should be 
consulted to clarify the question of proper 
authorization or cooperation for devel- 
opment of specifications. Also, a better 
representation on Committee D-16 of 
refiners having aromatic producing 
equipment should be effected, since one 
half or more of such refiners are not now 
represented. 


Respectfully submitted on behalf of 
the special committee, 
W. H. BAHLKE, 
Chairman. 
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Committee D-17 on Naval Stores held 
only one meeting during the year, in con- 
nection with the Annual Meeting of the 
Society in New York, N. Y., on June 27, 
1944. By-laws for the committee, which 
had been prepared and approved by the 
Advisory Committee, were adopted and 
distributed to all members of the com- 
mittee. The membership has again in- 
creased, with a net gain of 4, bringing 
the total number of voting members up 
to 38. 

Due to war-time conditions, it has not 
yet been possible to organize the Sub- 
committee on Rosin Oil. However, the 
chairman has been collecting information 
on the needs and value of ‘standardized 
methods of test for rosin oil. 


New TENTATIVES 


The committee submits for publication | 


as tentative! the followi ing methods and 
definitions: 
Methods of: 


Test for Acid Number of Dark Coleved Rosin 
(D 465-45 T),? proposed by Subcommittee IV. 
This method using the Clayton yellow test 
paper as an external indicator is intended for 
use in those cases where the color of a solution 
makes impossible the observation of an end 
point using an internal indicator, 

Sampling and Testing Pine Tars and Pine Tar 


Oils,? proposed by Subcommittee VI, and 
REVISION OF TENTATIVE 


Definitions of: 
Terms Relating to Naval Stores and Related 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 

: See Editorial Note, p. 353. 

*These methods were accepted as tentative by the 
Society and appear in Ge : Supplement to Book of 

S.T.M. Standards, Part I 


REPORT OF COMMITTEE D-17_ 
ON 


Products (D 804-45 T)* proposed by Sub- 
committee IX. 


ADOPTION OF TENTATIVE METHODS AS 
STANDARD 


The committee recommends that the 
Tentative Methods of Sampling and 
Grading Rosin (D 509-447)! which 
were editorially revised and rewritten in 
1944, after having been published as 
tentative since 1938, be approved for 
reference to letter ballot of the Society 
for adoption as standard, without revi- 
sion. No adverse comments or sugges- 
tions for further revision have been 
received. 

These recommendations have been 
submitted to letter ballot of the commit- 


_ tee which consists of 39 voting members, 


with the results shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Ballots 

Items firma- | Nesa- |Marked 

tive | tive “Not 

Voting” 

I, New TENTATIVES | 
Test for Acid Number of Dark 

Rosin (D 465 - 45 T) 21 0 5 

Sampling and Pine Tars 


REVISION OF Cine 


Def. of Terms Relating to Naval 
Stores and Related Products 


| 
and Pine Tar Oils. aoa 19 0 | 7 


25 0 
II. ApoPpTion OF TENTATIVE 
METHODS AS STANDARD 
Sampling and Grading Resin} 


* These revised definitions were accepted by the Societ 
and appear in the 1945 Supplement to Book of A.S.T. 
Standards, Part III. 

4 1944 Book of A.S.T.M. Standards, Part II. 
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Subcommittee I on Softening Point of 
Rosin (J. M. Schantz, chairman).—The 
work of this subcommittee was inter- 
rupted to some extent by the resigna- 
tion of its former chairman, C. E. 
Kinney. However, Mr. Kinney has 
continued to give attention to a project 
started several years ago, on the compila- 
tion of data on all known methods of 
determining melting point and softening 
point, which will be made available to 
the main committee for further con- 
sideration. This report should comprise 
a valuable contribution to the literature 
on the subject. Asa result of this study, 
a modification of the A.S.T.M. Tentative 
Method of Test for Softening Point (Ball 
and Shouldered Ring Apparatus) (E 28 - 
42 T),‘ in which the sample is heated in 
an air bath maintained at a selected con- 
stant temperature with relation to the 
expected softening point, has been tested 
in the laboratory of the chairman of the 
main committee. It is hoped that the 
results obtained with this modification 
will be available in published form at an 
early date for further consideration by 
Subcommittee I. 

TABLE II,—ELECTROMETRIC TITRATION OF 
ROSIN SAMPLES. 

| 


Amount of Alkali; Increase in Acid 
to Change pH Number Equiva- 


Sample From 9.5 to 10.3, | lent to Amount 

ml. | of Alkali Added 
0.1 1.4 
No. Il 0.1 1.4 
No. Ill 1.5 21.0 
No. IV 0.5 7.0 


Subcommitlee IV on Acid and Saponi- 
fication Number and Unsaponifiable 
Matter in Rosin (W. D. Pohle, chair- 
man).—Due to increased urgent duties 
in connection with his regular work, the 
former chairman, C. C. Zeigler, asked to 
be relieved of the chairmanship. At Mr. 
Zeigler’s suggestion his assistant, W. D. 
Pohle, was nominated as chairman of the 


REPORT OF COMMITTEE D-17 


ACTIVITIES OF SUBCOMMITTEES _ a 


subcommittee and elected at the 1944 
Annual Meeting. 

A further study has been made of 
methods suitable for determining the 


pH of Solution 


01123456789 WON? B 
Aqueous Alkali Used to Titrate Sample, m! 


Fic. 1.—Titration Curves for Determining 
Acid Number of Rosin. 


wo 
T 


pH of Solution 


7h 


10 11 12 13 14 15 16 17 18 19 20 21 22 23 
Aqueous Acid Used to Titrate Saponified Sample, 


Fic. 2.—Titration Curves for Determining 
Saponification Number of Rosin. 


acid number of dark rosins. Four sam- 
ples were sent out to collaborating labo- 
ratories, two of ordinary pale grade 
rosin, and two of very dark resinous 
materials (Vinsol resin and Belro wood 
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normal range for rosin. The color of the 
solution of these latter samples is so 
dark that the usual titration by a stand- 
ard procedure using phenolphthalein as 
an internal indicator was extremely un- 
reliable. In addition to a modification 
of the standard acid number test, the 
acid numbers were determined by elec- 
trometric titrations to prescribed pH 
values, and by a method using Clayton 
yellow paper as an external indicator. 
The results by electrometric titration 
gave unexpectedly widely varying acid 
number values. The subcommittee 
chairman thereupon made a further 
study of the problem and found that 
duplicate results can hardly be expected 
without some carefully controlled modi- 
fication in the usual pH test procedures. 
The results of this supplementary in- 
vestigation are shown in the accompany- 
ing Table II and Figs. 1 and 2. These 
results indicate that with rosins such as 
Samples Nos. III and IV, no sharp end 
point can be expected, and that greater 
variation must be permitted when ana- 
lyzing such products than is customary 
for lighter colored rosins. 

The procedure using Clayton yellow 
paper as an external indicator has long 
been used by one of the larger naval 
stores producers. While the results re- 
ported by several of the 1944 collabora- 
tors were not in good agreement, by 
eliminating the two to four highest and 
lowest results that were in marked dis- 
agreement with the rest of the figures, it 
was possible to obtain for the seven or 
eight remaining results an average value 
from which the individual figures used in 
computing such average do not deviate 
by more than a few units. In view of 
this, and in the light of our present 
knowledge of the titration characteristics 
of dark rosin, and having in mind that a 
special method is needed only when an 


resin) having acid and saponification 
numbers considerably lower than the 


accurate acidity titration with internal © 
indicator is impossible, the subcommittee 
recommends the Method of Test for 
Acid Number of Dark Rosin? for publica- 
tion as tentative at this time in the inter- 
est of the naval stores producing and us- 
ing industries, since by such action it can 
more readily be given the additional 
study it requires. This new method is 
intended eventually for incorporation in | 
the Standard Method of Test for Acid 
Number of Rosin (D 465 — 42). 

While the correlation in the saponi-— 
fication number values for Samples Nos. 
III and IV using phenolphthalein test 
paper was fairly good, no recommenda- 
tion for revising the Standard Method of 
Test for Saponification Number of Rosin 
(D 464 - 42) is being made, until further 
study of the proposed modification indi-— 
cates its suitability for the purpose. : 

The results obtained on the study of 
the proposed method for unsaponifiable 
matter in rosin, in view of certain com- 
ments and recommendations made by 
several of the collaborators, indicate that 
this method should also be studied 
further before a recommendation is made 
that it be published as tentative. 

Subcommittee V on Tall Oil (A. Pollak, 
chairman).—This subcommittee has con- 
ducted collaborative analyses on two 
samples of tall oil, in order to develop and 
perfect the Tentative Methods of Test- 
ing Tall Oil (D 803 - 44 T)* issued last 
year. Ten laboratories submitted their 
results. The concordance between dif- 
ferent laboratories was not as good as 
had been expected, consequently no 
recommendation can be made at this 
time, pending further study of the re- 
sults and comments submitted by the 
collaborating analysts. It is planned to 
send out additional samples for further 
study of these methods. 

The Tentative Definitions of Terms 
Relating to Tall Oil (D 804 - 44 T) are 
recommended for incorporation in the 
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more comprehensive definitions of terms 
relating to all naval stores products 
being recommended for publication as 
tentative this year.! 

Subcommittee VI on Pine Tar and Tar 
Oil (J. P. Bain, chairman).—This sub- 
committee has made a study of various 
methods used by producers and con- 
sumers of pine tar for testing this mate- 
rial, from which the chairman has 
selected and compiled the methods which 
appeared most suitable. The subcom- 
mittee recommends that these Methods 
of Sampling and Testing Pine Tars and 
Pine Tar Oils? be accepted for publica- 
tion as tentative, so that collaborative 
analysis of uniform samples may indicate 
what modifications or additions are 
needed. One of the most important 


tests on pine tar is viscosity, usually 
computed and reported in absolute 
viscosity units (centipoises), and deter- 
mined with the Stormer viscosimeter. 
Many laboratories, however, do not have 
this instrument, but use the Saybolt 


viscosimeter. Since viscosities of tar are 
usually determined at either 30 or 50 C., 
depending on the type or grade, and 
since a basis for converting Saybolt 
Furol seconds to centipoises could be 
found only for 50 C., a study was made 
by a member of the subcommittee, on a 
number of tars, of the relationship be- 
tween Saybolt Furol seconds and Stormer 
centipoises at both 30 and 50 C. From 
the results so obtained, a tentative al- 
ternate procedure and formula have been 
worked out and are included in the 
tentative methods, whereby Saybolt 
Furol viscosity can be converted to 
centipoises. 

Subcommittee VII on Terpene Hydro- 
carbons and Pine Oil (I. E. Knapp, chair- 
man).—A sample of dipentene and one 
of pine oil were sent out to members of 
the subcommittee for collaborative study 


of the Tentative Methods of Sampling 
and Testing Dipentene (D 801 - 44 T),' 
and of Pine Oil (D 802-44T).* The 
variation in results, even on such simple 
tests as specific gravity and distillation 
was greater than would be expected. 
However, the deviations from the means 
for the various reported data were not so 
great as to indicate that the methods are 
not suitable. The subcommittee will 
make further collaborative tests during 
the coming year. It is hoped that closer 
study of the results will indicate what 
refinements or modifications in the meth- 
ods are needed to bring about better 
agreement in results obtained by different 
collaborators. 

The proposed revision of the Standard 
Methods of Sampling and Testing Tur- 
pentine (D 233 — 33) as prepared by this 
subcommittee and submitted to Com- 
mittee D-1 on Paint, Varnish, Lacquer, 
and Related Products through its Sub- 
committee V was approved by that com- 
mittee and accepted by Committee E-10 
on Standards on October 30, 1944, for 
publication as Tentative Methods 
D 233 - 44 Ts 

Subcommittee IX on Nomenclature and 
Definitions (J. L. Boyer, chairman).— 
This subcommittee has been quite active 
during the year and has compiled a com- 
prehensive list of terms describing the 
various products of the naval stores in- 
dustry, and many others related thereto. 
These definitions include the definitions 
relating to tall oil which were accepted 
for publication as tentative at the 1944 
Annual Meeting. This list of Defini- 
tions of Terms Relating to Naval Stores 
and Related Products* is recommended 
as a revision of Definitions D 804 — 44 T. 
Any suggestions as to desirable additions 
or modifications in this list will be 


welcome. 
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On NAVAL STORES 


This report has been submitted to Respectfully submitted on behalf of 
letter ballot of the committee which con- the committee, 
sists of 39 voting members; 26 members V. E. — 
returned their ballots, of whom 24 have W. A. Kirxuy, . 


voted affirmatively, and 0 negatively, _ Secretary. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-17 presented to the 
Administrative Committee on Standards two proposed new tentatives and 
revised tentative definitions, listed in the Summary of Proceedings, p. 10, 
and referred to in the report. These recommendations were accepted by 
the Standards Committee on August 1, 1945, and the new and revised tenta- 
tives appear in the 1945 Supplement to Book of A.S.T.M. Standards, Part 
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REPORT OF COMMITTEE D-18 ; 

ON 

_ SOILS FOR ENGINEERING PURPOSES* 4 
Committee D-18 on Soils for Engi- Book of A.S.T.M. Standards, Part II, 


neering Purposes held one meeting 
during the past year, on June 27, 1944, 
in New York, N. Y. At that meeting 
Louis R. Douglass, Engineering Assistant 
to the Commissioner of the Bureau of 
Reclamation, was elected secretary of 
the committee, succeeding Wesley R. 
Nelson, resigned. The other officers 
were re-elected as follows: C. A. Hogen- 
togler, chairman, and E. J. Kilcawley, 
vice-chairman. 

On December 15, 1944, the Advisory 
Committee held a meeting in Wash- 
ington, D. C., at which time Mr. Hogen- 
togler stated that he had asked Prof. 
Kilcawley to serve as acting chairman. 
Mr. Douglass has been transferred from 
the Washington area, and Kenneth F. 
Vernon, Engineer in the Bureau of 
Reclamation, will serve as acting secre- 
tary. These officers will serve until the 
next regular election. 

The Soil Testing Procedures, presented 
by the Symposium Committee and dis- 
cussed at the Annual Meeting of the 
Society in June, 1943, were published 
as a separate publication in September 
1944. 

Subsequent to the 1944 Annual Meet- 
ing, Committee D-18 and Committee 
D-4 on Road and Paving Materials 
presented to the Society through Com- 
mittee E-10 on Standards a proposed 
Tentative Method of Test for Deter- 
mining Cement Content of Soil-Cement 
Mixtures. The new tentative method 
was accepted' by Committee E-10 on 
August 28, 1944, and appears in the 1944 


under the designation D 806 — 44 T,. 


I. New TENTATIVE 


The committee has had under con- 
sideration for some time a Proposed 
Method of Test for Specific Gravity of 
Soils and, on the recommendation of 
Subcommittee IV, is submitting it for 
publication as tentative as appended 
hereto.” 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 80 voting members; 
58 members returned their ballots, of 
whom 53 have voted affirmatively, 3 
negatively, and 2 members marked their 
ballots “not voting.” 


II. ADOPTION OF TENTATIVE AS 
STANDARD 


On the recommendation of Subcom- 
mittee III, the committee recommends 
that the Tentative Methods of Surveying 
and Sampling Soils for Highway Sub- 
grades (D 420 - 42 T)® be approved for 
reference to letter ballot of the Society 
for adoption as standard without re- 
vision. 

This recommendation has been sub- 
mitted to letter ballot of the committee 
which consists of 80 voting members; 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. : 

1 In submitting this recommendation to Committee E- 
10 on Standards, Committee D-18 reported results of the 
letter ballot vote as follows: Of a total membership 
of 76, 50 members returned their ballots, of whom 35 voted 
affirmatively, 0 negatively, and 15 members marked their 
ballots ‘‘not voting.” 

2 This method was accepted as tentative by the Society 
and appears in the 1945 Supplement to Book of A.S.T.M. 
Standards, Part II. 

#1944 Book of A.S.T.M. Standards, Part II. 
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SOILS FOR ENGINEERING PURPOSES 


56 members returned their ballots, of 
whom 55 have voted affirmatively, 0 
negatively, and 1 member marked his 
ballot “not voting.” 


ACTIVITIES OF SUBCOMMITTEES 


Several of the subcommittees report 
no activity because of war conditions. 

Subcommittee IV on Methods of Testing 
the Physical Characteristics of Soils 
(Harold Allen, chairman).—As men- 
tioned earlier in this report, the sub- 
committee has revised the Method of 
Test for Specific Gravity of Soils in the 
light of comments received and has again 
recommended it for publication‘ as tenta- 
tive. The final draft of a new Method 
for Determination of Density of Soil in 
Place is now in preparation and will be 
submitted to letter ballot shortly. 

Subcommittee VIII on Methods of 
Testing Soil Stability under Triaxial 
Shear Loading (R. F. Blanks, chairman). 
—At its meeting on December 15, 1944, 
the Advisory Committee approved a 
change in the title of Subcommittee VIII 
from ‘Methods of Testing for Mechani- 
cal Stability of Soils” to read ‘““Methods 
of Testing Soil Stability under Triaxial 
Loading.” At the same time, reorgani- 
zation of the subcommittee to include 
only members having facilities and 
personnel for Conducting research in 
triaxial shear testing was also approved. 


* See Editorial Note, below. 


EDITORIAL NOTE 


_ As indicated in the Summary of Proceedings, p. 10, the proposed Tentative 
Method of Test for Specific Gravity of Soils referred to in the report was 
submitted by Committee D-18 and accepted by the Administrative Com- 
mittee on Standards on June 27, 1945. 
1945 Supplement to Book of A.S.T.M. Standards, Part III. 


Joint Subcommittee of Committees D-4 
and D-18 on Tests and Specifications for 
Stabilized Soils (H. F. Clemmer, chair- 
man).—A very satisfactory meeting of 
the joint subcommittee was held on 
March 19, 1945, with fourteen members 
and one visitor in attendance. Several 
of the sectional committee chairmen 
reported good progress on their assign- 
ments. 

A letter ballot was taken in the joint — 
subcommittee on the proposed adoption 
of the Tentative Method of Test for 
Moisture-Density Relations of Soils 
(D 698 — 42 T)* as standard, but in view 
of the negative viewpoints expressed, : 
it was decided to continue this method 
as tentative pending consideration of the 
changes recommended. ° 


This report has been submitted to 
letter ballot of the committee which 
consists of 80 voting members; 56 mem- 
bers returned their ballots, of whom 55 — 
have voted affirmatively, and 0 nega-— 
tively. 


Respectfully submitted on behalf of 
the committee, 


E. J. KILcAWLEY, 
Acting Chairman, 


K. F. VERNON, 
Acting Secretary. 


The new tentative appears in the 
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REPORT OF COMMITTEE D-19 
ON 


WATER FOR INDUSTRIAL USES* 


Committee D-19 on Water for Indus- 
trial Uses and its subcommittees held 
meetings in New York, N. Y., on June 
25, 26, and 27, 1944. 

The committee sponsored a session on 
water at the 1944 Annual Meeting, June 
27, 1944, in the form of a Round-Table 
Discussion on Organizing the Classifica- 
tion of Industrial Waters.! 

A.S.T.M. Manual on Industrial Waters. 
—The outline of the Manual on Indus- 
trial Waters that is being sponsored by 
Committee D-19 as discussed in some 
detail in the 1944 report? is being de- 
veloped in greater detail by the officers 
of the respective subcommittees re- 
sponsible for specific chapters. 

Reorganization of Subcommittees.—As 
indicated in last year’s report? an expan- 
sion has been made in the organization of 
the various subcommittees of Com- 
mittee D-19. 

Section B on Resultant Deposits, of 
Subcommittee III on Methods of Sam- 
pling, has been discontinued and replaced 
by a new Section on Sampling of Water- 
formed Deposits and Corrosion Products 
which will give consideration to sampling 
methods for scale, sludge, corrosion 
products, and microbiological slimes. 
Section A on Analytical Methods and 
Section C on Special Methods of Sub- 
committee IV on Methods of Analysis are 
responsible for the preparation of methods 


* Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. : 
eanah roceedings, Am. Soc. Testing Mats., Vol. 44, p. 1051 
a. Proceedings, Am. Soc. Testing Mats., Vol. 44, p. 500 
1944). 
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of analysis. Subcommittee V on Classifi- 
cation has the responsibility of supplying 
definitions for the forms of deposits men- 
tioned above and of preparing methods 
for reporting the results of analysis. 

During the year the following subject 
subsections were organized: Subcom- 
mittee III on Methods of Sampling— 
Subject Subsection on Sampling of Water 
at Atmospheric Pressure (J. D. Yoder, 
chairman); Subcommittee IV on Meth- 
ods of Analysis, Section A on Analytical 
Methods—Subject Subsection on Oil in 
Water (E. Bartow, chairman); Subcom- 
mittee V on Classification—Section B on 
Reporting Chemical Analysis of Water- 
formed Deposits and Corrosion Products 
(J. B. Romer, chairman). 

The Society was represented by Max 
Hecht at a meeting of the Subcommittee 
on Care of Steam Boilers in Service, of 
the Boiler Code Committee, of The 
American Society of Mechanical Engi- 
neers, held in New York, N. Y., on June 
25, 1944. This committee reviewed and 
edited proposed drafts of material pre- 
sented by its members. 

No meeting of the Executive Sub- 
committee of the Joint Research Com- 
mittee on Boiler Feedwater Studies was 
held during 1944. 

Subsequent to the 1944 Annual Meet- 
ing, Committee D-19 presented to the 
Society through Commitiee E-10 on 
Standards a proposed method for em- 
brittlement testing of boiler water. This 
method was accepted by Committee 
E-10 for publication as tentative on 
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August 28, 1944, and appears in the 1944 
Book of A.S.T.M. Standards, Part III, 
under the title Tentative Method of 
Field Test for Tendency of Boiler Water 
to Cause Embrittlement Cracking of 
Steel (D 807 - 44 T)*. 


New TENTATIVE METHODS 
The committee recommends that the 
new methods and recommended practice 
listed in Table I be accepted for publica- 
tion as tentative, as appended hereto.‘ ® 


These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 71 members; 58 
members returned their ballots with the 
results shown in Table I. 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Af- | Ballots 
Items firma- oo Marked 
Gee ive Not 
Voting” 
New TENTATIVE Metnops 
Test for Total Aluminum and 
Aluminum Ion in Industrial 
Waters 37 1 | 20 
Test for Manganese in Indus- | 
Test for Dissolved Oxygen in 
Industrial Waters*....... 31 4 23 
Test for Silica in Industrial 
Waters .. 38144 | 19 


Rec. Practice ‘for Sampling 
Boiler Water from Stationary 
Boilers. ........ 3314 24% | -22 


* The classified vote on the Method of Test for Dis- 
solved Oxygen in Industrial Waters was as follows: Affirma- 
tive: 11 producers, 8 consumers, 12 general interests; 
negative: 1 producer, 1 consumer, 2 general interests. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee II, Editorial (E. P. 
Partridge, chairman).—According to the 
program previously developed, the prepa- 
ration of methods with respect to form as 
well as to content is now carried out 


+In submitting this recommendation to Committee 
E-10 on Standards, Committee D-19 reported results of 
the letter ballot vote as follows: Of a total membership 
of 70, 63 members returned their ballots, of whom 48 voted 
afirmatively, 1 negatively, and 14 members marked their 

lots “‘not voting.” 

‘The methods for determining aluminum, manganese, 
and silica and the recommended practice were accepted as 
tentative by the Society and appear in the 1945 Supplement 
to Book of A.S.T.M. Standards, Part III. The method of 
test for dissolved oxygen in industrial waters was accepted 
by the Society for publication as information and appears 
in the appendix to this report, see p. 360. 

See Editorial Note, p. 359. 
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largely by members of the Editorial Sub- 
committee working with the various 
subject subsections of the other subcom- 
mittees. This procedure has been fol- 
lowed in the development of the methods 
being recommended for publication as 
tentative this year. 

Subcommittee IIT on Methods of Sam- 
pling (D. K. French, chairman).—This 
subcommittee recommended for publica- 
tion’ as tentative the Recommended 
Practice for Sampling Boiler Water from 
Stationary Boilers* as developed by the 
Subject Subsection on Sampling of 
Stationary Boilers, of Section A of this 
subcommittee. This recommendation 
has been approved by letter ballot vote 
of the subcommittee as follows: Froma 
membership of 42, 39 members returned 
their ballots, of whom 30 voted affirma- 
tively, 3 negatively, and 6 members 
marked their ballots “not voting.” 

Progress is being made in the prep- 
aration of methods by other subject sub- 
sections of Section A. Section B on 
Sampling of Water-formed Deposits and 
Corrosion Products is receiving comments 
on a proposed procedure for sampling 
various forms of deposits. 

Subcommittee IV on Methods of Anal- 
ysis (A. A. Berk, chairman).—The sub- 
committee recommends for publication 
as tentative’ the following methods, pre- 
pared by the subject subsections of Sec- 
tion A on Analytical Methods indicated: 


Tentative Methods of Test for: 


Total Aluminum and Aluminum Ion in Indus- 
trial Waters, prepared by the Subject Sub- 
section on Iron, Aluminum, and Manganese, 

Manganese in Industrial Waters, prepared by 
the Subject Subsection on Iron, Aluminum, 
and Manganese, 

Dissolved Oxygen in Industrial Waters, prepared 
by the Subject Subsection on Dissolved 
Oxygen, and 

Silica in Industrial Waters, prepared by the 
Subject Subsection on Silica. 


These recommendations have been 


approved by letter ballot vote of the sub- - 
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committee which consists of 52 members 
as follows: Test for Aluminum, affirma- 
tive 27, negative 0, ballots marked “not 
voting” 9; Test for Manganese, affirma- 
tive 27, negative 2, ballots marked “not 
voting” 11; Test for Dissolved Oxygen, 
affirmative 31, negative 4, ballots marked 
“not voting” 23; Test for Silica, affirma- 
tive 27, negative 3, ballots marked “not 
voting” 3. 

The subcommittee has been reorgan- 
ized to conform with the revised scope of 
Committee D-19. Section A on Chemi- 
cal Methods, Section B on Electrometric 
Methods, and Section C on Special 
Methods are now functioning under the 
chairmanship of A. A. Berk, J. B. Mc- 
Ilroy and C. E. Imhoff, respectively. 

The various subject subsections func- 
tioning under Section A on Analytical 
Methods have continued their program 
of activity. Some of these have not 
found methods available for development 
as referee procedures, hence they will 
contribute procedures of nonreferee char- 
acter. 

Section B on Electrometric Methods 
is continuing its survey of available 
methods. 

Section C on Special Methods has, in 
addition to the development of methods, 
undertaken some work looking toward 
the classification of deposits. This sec- 
tion is studying the matter of reporting 
data and also has in preparation defini- 
tions applicable to each of the special 
methods. As it concerns the reporting of 
data, this subsection will coordinate its 
activities with those of Subcommittee 
V on Classification. 

Subcommittee V on Classification (J. A. 
Holmes, chairman).—The work of the 
subcommittee on the various methods of 
classification of water has been some- 
what clarified by the round-table discus- 
sion at the last annual meeting and 
through various committee meetings. 
The majority opinion seems to be that a 
more suitable and exact means of classi- 
fication can be formulated for each in- 
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dustry or use of water than the simple 
comparison of typical analyses and that 
such an attempt should be made. This 
work may require two or three years be- 
fore complete agreement on classification 
is reached for each industry. 

The subcommittee has also submitted 
to its members preliminary drafts of 
definitions of various terms, such as 
alkalinity, hardness, deposits, scale, 
sludge, corrosion products, and slime. 

These definitions are necessary so that 
analysts, engineers, and operators will 
agree on the common terms applied to 
the use of water. 

A new section of the subcommittee 
was formed under the chairmanship of 
J. B. Romer, to prepare methods for re- 
porting analysis of water-formed de- 
posits and corrosion products. This 
work is well under way. 

Subcommittee VI on Methods of Test- 
ing (V. V. Kendall, chairman).—This 
subcommittee prepared the Tentative 
Method of Field Test for Tendency of 
Boiler Water to Cause Embrittlement 
Cracking of Steel (D 807 - 44 T) which 
as mentioned earlier in this report, was 
accepted by Committee E-10 in August, 
1944, for publication as tentative. 

The Subsection on the National Dis- 
trict Heating Association Corrosion 
Tester has prepared a Recommended 
Practice for Measuring Corrosion in 
Water Supplies—N.D.H.A. Method 
which is now under consideration in the 
subcommittee. 


This report has been submitted to letter 
ballot of the committee which consists of 
71 members; 58 members returned their 
ballots, of whom 42 have voted affirma- 
tively, and 0 negatively. 


Respectfully submitted on behalf of the 
committee, 
Max HECcHt, 
Chairman. 


R. E. HALt, 
Secretary. 
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On WATER FOR INDUSTRIAL USES 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee D-19 presented to the 
Administrative Committee on Standards the following recommendations: 


Tentative Methods of Test for: 


Total Aluminum and Aluminum Ion in Industrial Waters (D 857 - 45 T), 

Manganese in Industrial Waters (D 858 - 45 T), 

Silica in Industrial Waters (D 859 - 45 T), and 

Tentative Recommended Practice for Sampling Boiler Water from Stationary Boilers (D 860 - 45 T). 


The three methods and the recommended practice were accepted by the . 
Standards Committee on August 27, 1945, and appear in the 1945 Supple- | 


ment to Book of A.S.T.M. Standards, Part III, bearing the designations 
indicated above. 


At the same time, Methods of Test for Dissolved Oxygen in Industrial 
Waters were accepted by the Standards Committee for publication as in- 
formation in the December, 1945, issue of the ASTM ButLietin and in 
the Appendix to this Report on p. 360. 
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APPENDIX. 


PROPOSED METHODS OF TEST FOR DISSOLVED 


OXYGEN IN INDUSTRIAL WATERS'!? 


These are proposed methods and are published as information only. ; 
Comments are solicited and should be addressed to the American 
Society for Testing Materials, 260 S. Broad St., Philadelphia 2, Pa. 


Scope 


1. (a2) These methods of test cover 
procedures for the determination of dis- 
solved oxygen in industrial waters. 
Four methods are given, as follows: 


Sections 
Non-Referee Method A............ . 10 to 15 
Non-Referee Method B............. 16 to 21 
Non-Referee Method C.............. 22 to 27 


(b) The referee method covers the 
procedure for the most precise and ac- 
curate determination of dissolved oxygen 
in all industrial waters. Non-referee 
methods A, B, and C cover procedures of 
greater simplicity and lesser precision 
and accuracy than the referee method. 


Sampling 


2. Detailed requirements for sampling 
are given in the individual procedures. 
For general information on sampling, 
reference shall be made to the Standard 
Methods of Sampling Plant or Confined 
Waters for Industrial Uses (A.S.T.M. 
Designation: D 510). 


! These proposed methods are under the jurisdiction 


r 
of the ASTM, Committee D-19 on Water for Industrial 
Purposes. 

? Published as information, August 27, 1945. 
4 3 1944 Book of A.S.T.M, Standards, Part III, 


4 
Purity of Reagents 
3. Unless otherwise indicated, it is 
intended that all reagents shall be of the 
quality known as “reagent grade.” 


REFEREE METHOD 
Application 


4. This method is applicable to the 
most precise and accurate determination 
of dissolved oxygen in all industrial 
waters. 


Note.—This method is particularly suited to 
the exact determination of concentrations less 
than 1 ppm. of dissolved oxygen. Where the 
water sampled contains more than 1 ppm. of 
dissolved oxygen, the high precision of this 
method may not be required. 


Apparatus 


5. The apparatus shall consist of the 
following: 

(a) Sample Tubes.—Two glass sample 
tubes as shown in Fig. 1, having a nom- 
inal capacity of 500 ml. The two tubes 
should not differ from each other by 
more than 10 ml., and the capacity of 
each tube shall be determined to the 
nearest milliliter. 

(b) Burettes—Three 10- or 25-ml. 
burettes, having a stopcock bore not 
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greater than 1 mm. and a maximum tip 
diameter not exceeding 3 mm. 

(c) Beaker—An 800-ml. Griffin low- 
form beaker. 

(d) Stirrer——A variable-speed motor- 
driven stirrer with a glass propeller. 

(e) Calomel Electrode—Any calomel 
reference electrode of satisfactory size is 
suitable. A convenient form is a pencil 
type made of glass and provided with an 


> 20 mm 
—“Stopcock 
2.00 ml Bore Volume 
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Fic. 1.—500-ml. Sample Tube for Dissolved 
yle Oxygen Determination. 
external removable glass sleeve at the 
es lower sealed end. ‘This sleeve shall be 
of slightly tapered, 1 to 2 cm. in length, 
, and ground to fit so that the sealed end 
ne 

protrudes slightly beyond the sleeve. 
al Midway of the ground section of the 
a sealed tip there shall be two small, 


horizontal holes in register, providing an 
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may be of the type employing a self- 


361 


opening into the interior of the electrode. 
The electrode shall contain the necessary 
mercury, calomel, and electrical connec- 
tion to the mercury and shall be nearly 
filled with a saturated (20 to 25 C.) solu- 
tion of KCl, which solution can be | 
replenished. 

(f) Platinum Electrode—A \ength of 
capillary glass tubing, 12 to 13 cm. in 
length, with a short length of platinum 
wire or piece of platinum foil sealed 
through the lower end and making elec- 
trical contact with a column of mercury 
in the capillary. 

(g) Titration Stand.—A suitable titra- 
tion stand to support the stirrer and 
electrodes so that the beaker containing 
the sample can be removed easily, and 
permitting the rinsing of the electrodes 
and stirrer. 

Pipettes —Serological pipettes of 
1.00- and 5.00-ml. capacities, graduated 
in 0.01-ml. divisions. 

(i) Potentiometer—A potentiometer 
having a limit of error not greater than 
0.0005 v. and a total range of the order 
of 1 v. is required. A galvanometer for 
use with this potentiometer, having an 
external critical damping resistance of 
the order of 10,000 ohms, shall be em- 
ployed in order that current drained from 
the electrode system may be minimized 


0.125 microampere per millimeter divi- 
sion is desirable. The potentiometer 


contained galvanometer or of the type 
using an external galvanometer, as de- 
sired. A glass electrode pH meter may 
be used if equipped with the — - 


voltage range. 


6. (a) Alkaline Potassium Iodide Solu- 
tion.—Dissolve 700 g. of KOH in suffi- 
cient distilled water to make approxi- 
mately 700 ml. of solution in a 1-liter 


Reagents 


volumetric flask and cool to room 
temperature. Dissolve 150 g. of iodate- 
free KI, in 200 ml. of distilled water and 
mix with the KOH solution in the vol- 
umetric flask. Dilute to 1 liter with 
water, mix, and store in a dark, rubber- 
stoppered bottle. 

(b) Iodine Solution (0.1 N).—Dissolve 
6.346 g. of resublimed iodine in a solution 
of 75 g. of KI in 60 ml. of distilled water 
and dilute with distilled water to 500 ml. 
in a volumetric flask. Store in a dark, 
stoppered bottle. 

(c) Iodized Alkaline Iodide Solution.— 
Half fill a 250-ml. volumetric flask with 
the alkaline KI solution. Add an ac- 
curately measured, small amount of 0.1 
N iodine (Note 1), sufficient to react 
with all reducing interference in the 
water to be analyzed when the procedure 
described below is followed. Dilute to 
the mark with the alkaline KI solution. 
Note 1.—While the iodized alkaline iodide 
solution described in Paragraph (c) must be used 
for accurate determinations, the minimum suffi- 
cient quantity of 0.1 N iodine, as determined by 
trial, should be used because the precision of the 
results decreases with increase in iodine concen- 
tration. Asa trial, use 10 ml. of 0.1 NV iodine in 
preparing the iodized alkaline iodide solution 
and use on a test run. Prepare a second solu- 
tion, if necessary, using more or less 0.1 .V iodine, 
depending on the results of the test run. 


(d) Manganous Sulfate Solution.— 
Weigh 480 g. of MnSO,-4H,0 into a 600- 
ml. beaker. Add 200 ml. of distilled 
water, stir well, and transfer the super- 
natant solution to a 1-liter volumetric 
flask. Repeat three times, wash the last 
of the crystals into the flask, shake until 
solution is complete, and dilute to 1 liter 
with distilled water. 

(e) Sulfuric Acid Solution.—Pour care- 
fully 750 ml. of HeSO, (sp. gr. 1.84) into 
250 ml. of distilled water in a beaker. 
Cool to room temperature, transfer to 
a 1-liter volumetric flask, and dilute to 


Ne 
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(f) Sodium Thiosulfate Solution (0.05 
N).—Dissolve 12.42 g. of Na2S,03-5H,0 
in distilled water and dilute to 1 liter 
in a volumetric flask. Determine the 
exact normality by titration against a 
standardized solution of K,»Cr.O; or 
KH(IO3)2 (Note 2). 


Note 2.—If frequent restandardization of this 
solution is to be avoided, it must be stabilized 
with an inhibitor. One per cent of potassium 
furoate will limit the decrease in normality to less 
than 2 per cent in one year, over half of this de- 
crease occurring in the first month. Four-tenths 
per cent of borax has been used for the same 
purpose. 


(g) Sodium Thiosulfate Solution (0.005 
N).—With a calibrated pipette, transfer 
25.00 ml. of the 0.05 N Na»S.O; to a 
250-ml. volumetric flask. Dilute to the 
mark with distilled water and mix com- 
pletely. This solution shall be prepared 
not more than 12 to 15 hr. before using. 

(kh) Starch Indicator Solution.—Sprin- 
kle 1 g. of soluble root starch into 100 ml. 
of boiling distilled water. Stir briefly, 
cool, and decant the clear, supernatant 
liquid. Prepare fresh daily. 


Procedure 


7. (a) Sampling.—Arrange the two 
sample tubes in a support so that they 
are vertical, and with their upper outlets 
at the same level. Connect the lower 
ends to the sampling line by means of 
rubber tubing and a Y-tube. The 
sampling line shall contain a suitable 
cooler if the water being sampled is above 
room temperature, in which case the 
sample shall be cooled to 60 to 65 F. 
(16 to 18 C.). If a cooler is used, the 
valve for cooling-water adjustment shall 
be at the inlet to the cooler and the over- 
flow shall be to a point of lower elevation. 
The valve for sample-flow adjustment 
shall be at the outlet from the cooler. 
Adjust the sample flow to a rate which 
will fill the two tubes in 40 to 60 sec., and 


the mark with distilled water. - continue this flow long enough to provide 
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at least ten changes of water in the 
sampling tubes. If the sampling line is 
used intermittently, allow a suitably 
longer time for the first sample to insure 
adequate flushing of the sampling line 
and cooler. Close the upper stopcocks 
of the two tubes simultaneously (Note 1) 
and immediately close the two lower 
stopcocks and remove the tubing connec- 
tions. Invert and examine both tubes 
to insure the absence of any gas bubbles. 
If any bubble is discovered, discard both 
samples and collect new ones. 


Note 1.—If{ the line being sampled is under 
such high pressure that the sampling tubes or 
connecting tubing may burst with the water 
hammer when the stopcocks are closed, the sam- 
ple flow may be throttled with the control valve 
just before the sample is removed, but the sample 
flow should not be shut off completely. 


(b) Fixing.—Fill the three burettes 
with the iodized alkaline iodide solution, 
MnSO, solution, and solution 
respectively. Designate one of the du- 
plicate tubes as the sample and the other 
as the blank. Refer to Fig. 1 to deter- 
mine the upper stopcock of the sample 
flask. Flick the water from the upper 
nipple (Note 2) of the sample flask and 
fill the nipple to the upper calibration 
mark with the iodized alkaline iodide 
solution. Any bubble entrapped in the 
nipple within or below the reagent can 
be removed by probing with a clean cop- 
per wire until it rises to the surface. 
Open one stopcock and admit the reagent 
by control with the other until the 
meniscus in the nipple coincides with the 
lower calibration mark. Close both 
stopcocks and rinse both nipples of the 
sampling tube with a fine stream of 
water. Flick out the excess water, in- 
vert the tube, and fill the nipple now on 
top to the calibration mark with the 
MnSO, solution and introduce it into 
the sample as described for the addition 
of the iodized alkaline iodide solution. 
Again rinse both nipples of the sampling 
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tube, shake or rotate the tube to mix 
the sample thoroughly, and lay it aside. 
Following precisely the directions given 
above for adding the reagents to the 
sample, add to the blank the indicated 
amount of iodized alkaline iodide solu- 
tion through the upper nipple (Note 2) 
and stopcock, and add the same amount, 
first of H,SO, solution and then of 
the MnSO, solution, through the lower 
nipple. Rinse both nipples between 
additions, as directed above, and mix 
the blank between the second and final 
addition. Finally, mix the sample thor- 
oughly, as directed above, to resuspend 
the precipitate (Note 3). Add to the 
sample the indicated amount of H2SO, 
solution, rinse both ends of the flask, and 
again mix thoroughly. Fixing should 
be completed within 15 min. after 
sampling. 


Note 2.—The upper nipples of both tubes 
shall be used for the addition of the iodized alka- 
line iodide solution. The lower nipples shall be 
used for the MnSO, solution and the H.SO, 
solution. 

Note 3.—An error is introduced in the deter- 
mination if the precipitate is allowed to settle so 
that more than a proportional amount is sus- 
pended in the volume withdrawn to permit the 
addition of the MnSO, solution. 


(c) Titration of Sample.—Drain the 
sample into the clean 800-ml. beaker by 
opening both stopcocks. Do not rinse 
or blow through the sampling tube, but 
shake the last drops from the lower nip- 
ple into the beaker. Rinse both elec- 
trodes with distilled water, and readjust 
the sleeve on the calomel electrode to 
provide a fresh junction. Place the 
beaker on the titrating stand with both 
electrodes immersed in the sample, start 
the stirrer, and adjust its speed to mix 
the sample rapidly without causing a 
vortex sufficient to draw bubbles of air 
into the liquid. Read and record the 
emf. between the electrodes. Fill the 
1- or 5-ml. pipette (Note 4), according to 
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the volume required for the titration, 
with 0.005 N NaS.O3, and adjust ex- 
actly to the zero mark. Proceed with 
the titration, rinsing the tip of the pipette 
in the sample after each addition. Re- 
cord the cumulative amount of thiosul- 
fate and the emf. after each addition, 
and make progressively smaller addi- 
tions as the end point is approached 
(Note 5) and passed. Titration should 
be completed within 30 min. after 
sampling. In a third column, parallel 
to those for milliliters of thiosulfate and 
emf., record the quotient ete for 
each addition. The maximum numeri- 
cal value of this quotient, without regard 
to sign, occurs at the end point of the 
titration. The end point can be identi- 
fied by inspection of the values in the 
third column, so that plotting of the data 
is unnecessary. 

Nore 4.—A burette with 0.01-ml. divisions 
may be substituted for the pipette, but titra- 
tions can be made more rapidly with the pipette. 

Note 5.—The addition of a few drops of 
starch indicator solution to the sample, develop- 
ing the blue color of starch iodide, provides a 
convenient guide to the approach of the end 
point. Starch does not interfere with the deter- 
mination, and the blue color disappears before 
the end point is reached. 

(d) Titration of Blank.—Empty the 
beaker, rinse it and the electrodes with 
distilled water, prepare a fresh junction 
with the sleeve of the calomel electrode, 
and drain the blank into the beaker. 
Titrate the blank as described for the 
sample in Paragraph (). 7 
Calculation 

8. Calculate the dissolved oxygen 
content of the sample, in terms of parts 
per million, by either the exact method 
or the rapid method, as follows: 

Exact Method (Note 1): 

2VN 
I= 
Cn 


(S— (I+ D)) x 
Vs 
VY=(B-N 
b 


_ Dissolved oxygen, ppm. = X — Y 
Rapid Method (Note 2): 


Dissolved oxygen, ppm. = 


16,000n(S — B) 
0.0104 


Vs + Vo 
where: 


I= milliliters of NaS,O3 solution 
equivalent to the iodine intro- 
duced with the iodized alkaline 
iodide solution, 

V = milliliters of iodine solution used 
in preparing the iodized alkaline 
iodide solution, 


N = normality of the iodine solution 
(nominally 0.1), 
C = capacity in milliliters of the flask 


used in preparing the iodized al- 
kaline iodide solution, 


n = normality of the Na,S.O; solution 
(nominally 0.005), 
D =nmilliliters of Na2S.O; solution 


equivalent to the dissolved oxygen 
introduced with the fixing re- 
agents (Note 3), 

X = dissolved oxygen content of sam- 
ple uncorrected for blank (Note 1), 

S = milliliters of Na,S,O; solution re- 
quired for titration of the sample, 

V; = volume of sample in milliliters, 

Y = correction for blank (Note 1), 

B = milliliters of solution re- 
quired for titration of the blank, 
and 

V; = volume of blank in milliliters. 


Nore 1.—With increase in reducing interfer- 
ence in the water sampled, first Y and then X be- 
comes negative. If the algebraic instructions 
~ given in the formulas for calculation are followed, 
the calculated result will be correct. 
Nore 2.—Inaccuracy of the results calculated 


by the rapid method increases with difference in 
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capacities of the two sampling tubes, the amount 
of oxygen dissolved in the water samples, and the 
concentration of redox impurities in the water. 
Unless these potential inaccuracies are known to 
be within the required limits of precision of the 
determination, the exact method of calculation 
should be used. 

Note 3.—The factor D is derived from the 
determinations of Adams, Barnett, and Keller,‘ 
and of White, Leland, and Button,® which agree 
within less than 2 percent. If there is any ques- 
tion of the validity of the factor D for the fixing 
solutions employed, the above references may be 
consulted for methods for determination of the 
appropriate value. In general, it will be found 
more economical to discard the questionable 
solutions and replace them with new solutions 
prepared from reagent-grade chemicals. 


Precision and Accuracy 


9. A skilled operator using this method 
can obtain results with a precision of 
0.002 ppm. and with an accuracy of 
0.003 ppm. or 1 per cent, whichever is the 
greater. 


Non-REFEREE METHOD A 
Application 


10. This method is applicable to the 
determination of dissolved oxygen in all 
industrial waters, when the highest pre- 
cision is not required. 


Apparatus 


11. The apparatus shall consist of the 
following: 

(a) Casserole.—One 1-liter glazed por- 
celain casserole, clear white in color. 

(b) Miscellaneous.—Sample tubes, bu- 
rettes, and pipettes or burettes, as de- 
scribed in Section 5. The motor stirrer 
described in Section 5(d), if available, is 
of great convenience. 


4 


Reagents 


12. For descriptions of the reagents 
required, see Section 6. 


unt R. C. Adams, R. E. Barnett, and D. E. Keller, Jr.» 
Field and Laboratory Determination of Dissolved Oxy- 

gen,” Proceedings, Am.,Soc. Testing Mats., Vol. 43, p. 
1252 (1943). 

* A. H. White, C. H. Leland, and D. W. Button, “‘De- 

termination of Dissolved Oxygen in Boiler Feed Water,” 

ser aadings, Am. Soc. Testing Mats., Vol. 36, Part II, p. 


Procedure 

13. (a) Sampling.—Collect the sam- 
ples as described in Section 7(a), except 
that a cooling coil shall be provided if the 
water being sampled is warmer than 60 
F. If the temperature of the cooling 
water is too high to attain this sample 
temperature, a supplementary cooler, 
such as a coiled length of copper tubing 
in a bath of cracked ice or ice water, shall 


be used. Do not attempt to cool the — 


sample after collection. 
(6) Fixing.—Fix the sample and blank 
as described in Section 7(6). 


(c) Titration of Sample——Drain the 


sample, which shall be at a temperature 
not above 70 F., into the clean casserole 
and add 10 drops of starch indicator solu- 
tion. Fill the 1- or 5-ml. pipette, ac- 
cording to the volume required for the 
titration, with 0.005 N Na2S.O;. Start 
the motor stirrer, if available, otherwise 
stir constantly with a clean glass rod. 
Titrate to the disappearance (Note) of 
the blue, starch iodide color, rinsing the 
tip of the pipette in the sample after 
each addition as the end point ap- 
proaches. 

Note.—Some analysts prefer to titrate to a 
faint trace of blue instead of to complete disap- 
pearance of the indicator color. Such results 
are subject to errors in misjudgment of color 
depth, but avoid the possibility of error by over- 
running the end point. The two procedures are 
equally satisfactory for an experienced analyst. 

(d) Titration of Blank.—Empty and 
rinse the casserole and drain the blank 


into it. Titrate as described in Para- 
Calculation 


14. Calculate the dissolved oxygen 
content of the sample, in terms of parts 
per million, by the rapid method de- 
scribed in Section 8. 


Precision and Accuracy 


15. An experienced analyst using this 
method can obtain results with a preci- 
sion of 0.004 ppm. and within 0.007 ppm. 
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or 1 per cent of the true value, whichever 
is the greater. 


NoON-REFEREE METHOD B 
Application 
16. This method is applicable to the 


determination of dissolved oxygen in in- 
dustrial waters, when the highest pre- 


200 mi ak j 


Marking 


Capacity 
250 ml 


Fic. 2.—250-ml. Sample Tube for Dissolved 
Oxygen Determination. 


cision is not required and the water is 
free of contamination (particularly, dis- 


solved iron). 
The apparatus shall consist of the 
ie 
(a) Sample Tubes.—One sample tube 
(Note) as shown in Fig. 1, having a 


~ nominal capacity of 500 ml. One sam- 
ple tube ( Note) as show n in Fi ig. 2, hav- 


ing a nominal capacity of 250 ml. The 
capacity of each tube must be deter- 
mined to the nearest milliliter. 


Nore.—Four sample bottles as described in 
Section 23 (a) may be substituted for the pre- 
ferred sample tubes if the latter are not available. 
In this case, three 1-ml. and three 2-ml. transfer 
pipettes must be provided for fixing. Resulting 
modifications of the procedure are given in 
Notes 1 to 3 in Section 19. 


(6) Graduate.—One 500-ml. graduated 
cylinder. 

(c) Miscellaneous.—Burettes, an 800- 
ml. beaker, and pipettes, as described in 
Section 5 (0), (c), and (h), respectively. 
A casserole as described in Section 11 (a). 


Reagents 


18. (a) For descriptions of reagents 
that are required, see Section 6 (a), (0), 
and (d) to (h). 

(b) Dilute Iodine Solution —Half-fll 
a 250-ml. volumetric flask with distilled 
water and dissolve in it approximately 
50 g.of KI. Add 10 ml. of 0.1 N iodine, 
dilute to 250 ml. with distilled water, and 
mix thoroughly. Store in a stoppered 


Procedure 

19. (a) Sampling.—Collect the samples 
as described in Section 13 (a), using one 
500-ml. and one 250-ml. sample tube 
(Note 1). Collect simultaneously a 
third portion of at least 250 ml. of the 
water being sampled. This may be done 
conveniently by arranging a clean 800- 
ml. beaker to catch the overflow from one 
or both of the sample tubes. The col- 
lected samples must be at a temperature 


not greater than 60 F. (16 C.) when 
removed from the sampling line. 


Nore 1.—When using sample bottles as de- 
scribed in Section 23 (a), provide four branches 
in the outlet from the sample cooler and collect 
the several samples simultaneously, as described 
in Section 25(a). When removing the individ- 
ual samples, do not interrupt the flow through 
the remi Lining sample bottles. 
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(6) Fixing —Fix both the 500-ml. and 
250-ml. samples (Note 2) as samples, using 
2.0 ml. each of alkaline potassium iodide 
solution (not iodized), MnSO, solution, 
and H,SQ, solution in that order as de- 
scribed in Section 7 (8). 


Note 2.—When using sample bottles, fix the 
contents of two bottles with 1.0 ml. each of the 
three solutions and fix the contents of a third 
bottle with 2.0 ml. each of the three solutions 
following the procedure described in Section 
25(b). Rétain the contents of the fourth bottle 
as unfixed sample. 


(c) Titration—Drain the contents of 
the 500-ml. tube (Note 3) into the clean 
casserole and titrate with 0.005 N 
NaS,03, as described in Section 13(c) 
(Note 4). Rinse the casserole with dis- 
tilled water, and drain into it the 250-ml. 
sample (Note 3). Add to the casserole 
sufficient unfixed sample, collected as 
described in Paragraph (a) and measured 
in a graduated cylinder, to bring the con- 
tents to same volume as the contents of 
the 500-ml. sample tube and then titrate 
as described for the 500-ml. sample. Ti- 
tration should be completed within 30 
min. of sampling. 


Note 3.—When using the sample bottles, 

combine the contents of the first two bottles 
(those fixed with 1 ml. of each solution) in the 
casserole and titrate the resulting 600-ml. sample. 
Similarly, combine the contents of the third 
bottle (that fixed with 2-ml. of each solution) 
and the fourth (unfixed) bottle and titrate as the 
second sample. 
_ Note 4.—If the blue color of starch iodide 
does not develop when starch is added to one or 
both samples, discard both samples. To subse- 
quent samples add an equal, small amount of 
iodine solution (Section 18(6)), measuring to an 
accuracy of plus or minus 0.01 ml. by use of a 
pipette (Section 5(h)). Carefully clean the 
pipette after using. 


Calculation 


20. Calculate the dissolved oxygen 
content of the sample, in terms of parts 
per million, as follows: a 
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8000n(S,; — S:) 
Dissolved oxygen, ppm. = —————— 
Ve 


where: 


n = normality of the NaeS.O; solution 
(nominally 0.005), 

S = milliliters of Na S.O3 solution re- 
quired for titration of the sample 
(Note), 

v = fixed volume of sample in milli- 
liters (Note). 


Note.—Subscripts 1 and 2 refer to the larger 
and smaller samples respectively. 


Precision and Accuracy 


21. Where this method is applicable, 
an experienced analyst can obtain results 
with a precision of 0.004 ppm. and with 
an accuracy of 0.007 ppm. or 1 per cent, 
whichever is the greater. 


Non-REFEREE METHOD 


Application 


22. This method is applicable to the 
determination of dissolved oxygen in 
concentrations greater than 0.1 ppm., 
when high precision is not required. It 
is useful where rapid results are desired 
and is not suitable for the analysis of con- 
taminated waters. 


Apparatus 


23. The apparatus shall consist of the 
following: 

(a) Sample Bottle—One 300-ml. B. 
O. D. bottle having a raised lip around 
the neck and a glass stopper ground to a 
conical lower tip. The capacity of the 
bottle must be measured to the nearest 
milliliter and the stopper should be tied 
to the neck of the bottle with a loop of 
cord. 


Norte.—A single sample tube (Section 5 (a)), 
is at least equally as satisfactory as the bottle. 


Pipettes and Casserole—Three 
2-ml. transfer pipettes, a casserole (Sec- 
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tion 11(a)), and serological pipettes 
(Section 5(h)). 


Reagents 


24. For descriptions of the reagents 
required, see Section 6(a), (d) to (f), and 
(h). 


Procedure 


25. (a) Sampling.—Collect the sample 
as described in Section 13(a). Connect 
the source of the sample to a length of 
glass tubing slightly longer than the 
depth of the bottle. Put the glass tub- 
ing into the bottle and allow the bottle to 


fill and overflow, with the water entering’ 


at the bottom, until there have been at 
least ten changes of the contents. Wet 
the stopper and then slowly withdraw the 
glass tube while sample continues to flow 
through it. As soon as the tip of the 
tube clears the liquid surface, ease the 
stopper into the neck and let it float 
down into its seat. Twist the stopper 
in tight, invert the bottle, and inspect for 
air bubbles. If any can be seen, discard 
the sample and collect another. 

(6) Fixing.—Fill a 2-ml. transfer pi- 
pette with alkaline potassium iodide solu- 
tion (not iodized), and with the pipette 
filled to the tipso that no bubble of air will 
be forced into the sample, ease the bottle 
stopper out of its seat and simultaneously 
thrust the pipette tip past it and into the 
neck of the bottle. Allow the contents 
of the pipette to drain into the bottle 
and, as the level in the pipette approaches 
that in the bottle, raise the pipette out of 
the bottle and let the stopper fall back 
into its seat. Fill another 2-ml. pipette 
with MnSQ, solution and add this to the 


sample in the same way. Seat the 
stopper tight, and shake or rotate the 
bottle to mix the contents thoroughly. 
Allow the bottle to stand and, when the 
precipitate has settled below the shoulder 
of the bottle, add 2 ml. of H2SO, solu- 
tion in the same way. Stopper and 
shake until all precipitate is dissolved. 
Fixing should be completed within 15 
min. after sampling. 

(c) Titration—Empty the cup around 
the stopper of the bottle and wash it with 
distilled water. If the temperature of 
the sample is above 70 F., cool it by im- 
mersing the bottle in a bath of cracked 
ice. Remove the stopper, drain the con- 
tents of the bottle into the casserole, and 
titrate with 0.05 N NasS.O; as described 
in Section 13 (c). Titration should be 
completed within 30 min. after sampling. 


Calculation 


26. Calculate the dissolved oxygen 
content of the sample, in terms of parts 
per million, as follows: 


8000nS 


n = normality of the Na2S.O; solution 
(nominally 0.05), . 
S = milliliters of NasS.O; solution re- 


quired for titration, and “— 


v = milliliters of sample. 

27. Where this method is applicable, 
an experienced analyst can obtain results 
with a precision of 0.03 ppm. and within 
0.05 ppm. of the true values. 


Dissolved oxygen, ppm. = 


where: 


Precision and Accuracy 
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- REPORT OF COMMITTEE D-20 


ON 


PLASTICS* 


Since the June, 1944, meeting in New 
York, N. Y., Committee D-20 on Plastics 
and its subcommittees have held meet- 
ings in Atlantic City, N. J., in October, 
1944, and in March, 1945. In addition, 
the Advisory Committee has held a joint 
meeting with the Advisory Committee of 
Committee D-9 on Electrical Insulating 
Materials in Philadelphia, Pa., in Decem- 
ber, 1944. 

A new Subcommittee X on Definitions, 
Nomenclature, and Significance of Tests 
has been organized under the chairman- 
ship of G. W. Clark. Mr. Clark has also 
been appointed as the official representa- 
tive of Committee D-20 on Committee 
E-8 on Nomenclature and Definitions, 
succeeding T. Smith Taylor. P.D.Bross- 
man, has been appointed as the repre- 
sentative of Committee D-20 on Tech- 
nical Committee XIII on Hydrogen Ion 
Determination, of Committee E-1. The 
Aircraft War Production Council has 
appointed F. P. Krieger and P. C. Silver- 
stone to serve as its representatives on 
Committee D-20. 

‘Subcommittee VIII on Research has 
been asked by Committee E-9 on Re- 
search to guide the A.S.T.M. repre- 
sentative in the work connected with the 
research project on plastics being carried 
on at the Massachusetts Institute of 
Technology under the sponsorship of the 
Plastics Materials Manufacturers’ Asso- 
ciation. 

The scopes of subcommittees of Com- 


* Presented at Forty-Eighth Annual Meeting of the 


Society, June 27, 1945. 


mittee D-9 and Committee D-20 hav 
been reviewed in an effort to minimize 
any duplication between the two com- 
mittees. The work of Subcommittee 
VI relative to adhesives has been trans- 
ferred to the recently organized Com- 
mittee D-14 on Adhesives. 

Subsequent to the 1944 Annual Meet- 
ing, Committee D-20 presented to the 
Society through Committee E-10 on 
Standards a number of recommendations 
which are listed in Table I, together with 
the results of the letter ballot vote in 
Committee D-20 and the date of accept- 
ance by Committee E-10. The new and 
revised tentatives have been given the 
designations indicated and appear in the 
1945 compilation of “A.S.T.M. Stand- 
ards on Plastics” and in the 1944 Book of 
A.S.T.M. Standards. 


RECOMMENDATIONS AFFECTING 
STANDARDS 


The committee is submitting one pro- 
posed new tentative method, revisions in — 
five tentative specifications and meth- | 
ods of test, and is recommending the 
adoption of two tentatives as standard. 
These items are listed in Table II, and > 
the recommendations are given in detail 
in Appendix I.! 

The proposed tentative method covers — 
an analytical procedure for ammonia.? 
There is a need for standardization of such — 
analytical procedures. The committee — 


1See p. 374. 

2 This method was accepted as tentative by the Society 
and appears in the 1945 Supplement to Book of A.S.T.M. 
Standards Part III. 
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therefore recommends the acceptance 
of this item. The proposed revisions 
of tentatives involve one specification, 
two test methods, the method of con- 
ditioning materials before and during 


TABLE 1I.-RECOMMENDATIONS ACCEPTED BY 
COMMITTEE E-10 ON STANDARDS, INCLUDING 
RECORD OF LETTER BALLOT VOTE. 


Nega- |! 
Items —- tive “Not 
Voting”’ 


New Tentative Specifications for: 
Cast Allyl Plastic Sheets, Rods, 

ubes and Shapes (D 819- 

45 T), accepted May 10, 1945 26 0 43 

New Tentative Methods of: 

Chemical Analysis for Acetyl and 
Butyryl in Cellulose Acetate 
Butyrate (D817-44T), ac- 
cepted December 11, 1944 29 0 32 

Test for Deformation of Plastics 
Under Load (D 621 - 44 T), 
accepted December 13, 1944, to 
replace Standard Method 
D 621 - 43 44 5 12 

Test for Flow Properties of 
Thermoplastic Molding Mate- 
rials (D 569-44 T), accepted 
December 11, 1944, to replace 
Standard Method D 569 - 43. 35 1 25 

Revision of Tentative Specifica- 
tions for: 

Vinyl Chloride-Acetate Resin 
Sheets | 1) 708 — 44 T), accepted 
August 25, 1944 37 0 39 

Viny! C hloride-Acetate Molding 
Compounds (D728-44T), 
accepted August 28, 1944 .| 35 0 41 

Laminated Thermosetting Ma- 
terials (D 709 - 44 T), accepted 
August 28, 1944 43 0 33 

Revision of Tentative Methods of: 

Test for Resistance of Plastics to 
Accelerated Service Conditions 
(D 756-4471), accepted De- 
cember 11, 1944 38 1 22 

Test for Heat Distortion Tem- 
perature of Plastics (D 648- 
44T), accepted May 10, 1945 49 1 19 

Test for Colorfastness of Plastics 
to Light (D 620-45 T), ac- 
cepted May 10, 1945 38 1 30 

Conditioning Plastics and Elec- 
trical Insulating Materials for 
Testing (D618-44T), ac- 
cepted December 30, 1944 39 6 16 

Revision of Tentative Recom- 
mended Practice for: 

Molding Specimens of Phenolic 
Materials (D 796-447), ac- 
cepted December 22, 1944: 

31 
Shock Resistant............. 32 


28 
27 


Nd 


testing, and a recommended practice for 
molding test specimens. The method 
of conditioning? is being somewhat 
simplified in regard to exposure require- 
ments and additional standard tempera- 

* These revised specifications and methods were ac- 


cepted by the Society and appear in the 1945 Supplement 
to Book of A.S.T.M. Standards, Part III. So 
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tures are being added; the recommended 
molding practice is being extended to 
include an additional test specimen; 
additional limits are being added to 
the cellulose acetate sheet specification? 
the light source is being more adequately 
specified in the haze method;3 and details 
on the technique of machining the notch 
are being added to the impact method, 
The committee recommends the accept- 


ance of all of these revisions. 


TABLE II.-ANALYSIS OF LETTER 
BALLOT VOTE. 
Ballots 
Af- |. 
Items firma- | '¢84- | Marked 


tive “Not 
| Voting” 


I. New TENTATIVE 


Test for Determining Ammo- 
nia in Phenol-Formaldehyde 
Molded Materials............ 29 1 43 


II. Revision or TENTATIVES 


Spec. for Cellulose Acetate Plas- 
tic Sheets (D 786 - 44 T) (1)...} 28 1 40 
(2).. 32 0 32 
Test for Impact Resistance of 
Plastics and Electrical Insu- | 
lating Materials (D 256-43 56 0 17 
Test for Haze of Transparent 
Plastics by Photoelectric Cell 
(D 672 - 44 T) 44 0 20 
Conditioning and C lassifying for | 
Conditioning Plastics and | 
Electrical Insulating Mate- 
rials for Testing (D 618-44T)| 56 2 15 
Rec. Practice for Molding Speci- 
mens of Phenolic Materials | 
(D 796 -44T)..... | 39 0 25 


III. Apoption or TENTATIVES 
AS STANDARD 


Descriptive Nomenclature of 
Objects Made From Plastics 
(D 675 - 43 T).. ey eee a4 45 | 0 28 


These recommendations have been 
submitted to letter ballot of the com- 
mittee which consists of 127 voting 
members with the results shown in 
Table IT. 


ACTIVITIES OF SUBCOMMITTEES 


All of the subcommittees have been 
very active during the past year. Much 
of the activity has concerned existing 
standards in an effort to make them more 
useful and more reliable. However, 
considerable work has been done on the 
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development of new methods of test, 
analytical procedures, and specifications. 
This activity is being continued and a 
brief résumé of work now in progress 
follows. 

Subcommittee I on Strength Properties 
(M. H. Bigelow, chairman).—A method 
for determining the tensile strength of 
thin film and foil has been developed 
and is being voted upon in the subcom- 
mittee. Work is being done on compres- 
sion testing of long columns. The in- 
fluence of the span-depth ratio on test 
results in flexural testing is under study. 
A revision of the Tentative Method of 
Flexural Test of Plastics (D 790-44 T), 


making it suitable for testing laminates, — 


is ready for letter ballot in Committee 
D-20. 

A round-robin test is being run on 
modifications of the falling ball impact 
method and on the reduced back-swing 
modification of the standard method. 
Considerable work on fatigue testing is in 
progress; the methods being evaluated 
are the rotating beam, the constant am- 
plitude deflection, and the constant force 
deflection types. The Johnson shear 
method is being written up for submittal 
to letter ballot. Further work is being 
done on the bearing strength method. 
Other items being considered are meth- 
ods for evaluating the strength properties 
of various types of laminates including 
the low-pressure, glass fiber types and 
the types consisting of combinations of 
high- and low-density materials. Also 
on the program are the problems of 
evaluating the bond strengths in lami- 
nates and a mandrel type flexibility test. 

Subcommittee IIT on Hardness Proper- 
ties (L. Boor, chairman).—Further stud- 
ies are being made regarding the Rock- 
well hardness test in an effort to eliminate 
the differences between the A.S.T.M. 
Method D 785, Federal Method L-P-406, 
and Army-Navy Specification JAN-P-14. 
A revision is now being balloted upon 
inthe subcommittee. Work on hardness 
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testing is being continued; methods in- 
volving indentation, scratching, and fall- 
ing abrasive are being studied. It is 
hoped that better methods of testing and 
evaluating can be achieved. A method 
of evaluating blocking resistance of flex- 
ible sheeting has been developed and will 
soon be submitted to letter ballot in 
Committee D-20. 

Subcommittee III on Thermal Proper- 
ties (W. A. Zinzow, chairman).—A 
method of test for determining cubical 
expansion has been submitted to letter 
ballot of the subcommittee.* A further 
revision of the method for determining 
deformation under load is also out to 
vote in the subcommittee.‘ Work is 
being continued on the study of flow 
properties by use of a parallel plate 
device. Other items under considera- 
tion are improvements in the heat dis- 
tortion method and the development of 
a method for determining ignition tem- 
perature of plastics. 

Subcommittee IV on Optical Properties 
(W. F. Bartoe, chairman).—Studies are 
being continued on methods of measuring 
haze and light transmission. Round- 
robin tests are in progress on methods 
involving use of the General Electric 
recording spectrophotometer and the use 
of an integrating sphere. Work is being 
continued on methods of test for measur- 
ing surface irregularities of plastics. 

Subcommittee V on Permanence Prop- 
erties (J. H. Teeple, chairman).—The 
standardization of procedures for operat- 
ing carbon arc accelerated aging equip- 
ment is in process. Also under develop- 
ment is a method for determining the 
weight loss on heating. Work is being 
continued on moisture vapor perme- 
ability tests and on accelerated service 
tests. 

Subcommittee VI on Specifications (G. 
M. Kline, chairman).—Specifications for 
polystyrene sheets, plates, rods, and 


4 See Editorial Note, p. 373. 
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tubes are being circulated for comment. 
The subcommittee is cooperating with 
the National Electrical Manufacturers 
Assn. in writing specifications covering 
post-forming laminating materials. A 
study is being made of the possibilities 
offcombining the specifications for vinyl 
chloride and vinyl chloride acetate 
resins. A revision of the cellulose ace- 
tate sheet specifications concerning flam- 
mability of material under 20 mils in 
thickness has been submitted to letter 
ballot in the subcommittee. Revisions 
are also being considered in the specifica- 
tions for ethyl cellulose molding com- 
pounds and for nonrigid vinyl chloride 
resins. 
done in cooperation with the Society of 
the Plastics Industry is being actively 
continued. A_ revision of the Tenta- 
tive Specifications for Methacrylate 
Molding Compounds (D 788 — 44 T), in- 
volving reclassification and modification 
of several limits, is ready for letter ballot 
= Committee D-20. 

Subcommittee VII on Analytical Prop- 
erties (P. D. Brossman, chairman).—A 
method for determining insolubles in 
polystyrene is almost ready for reference 
to letter ballot in Committee D-20. A 
round-robin test is being run on a method 
for determining free phenol and free 
formaldehyde in phenol-formaldehyde 
resins. A tentative procedure has been 
prepared for the determination of plasti- 
_ cizer, residual solvent, pigment, and filler 
in cellulose ester plastics and is now 
_ being reviewed. A revision of A.S.T.M. 
Method D 115 on synthetic resin im- 
_ pregnants is being balloted upon by the 
subcommittee. The acetone extraction 
method for phenol formaldehyde resins 
_ is being reviewed. 

Subcommittee VIII on Research (H. K. 
Nason, chairman).—Under active con- 
_ sideration are the problems of flow char- 
acteristics and impact strength. A for- 
mal program on impact testing has been 


The work on classification being © 
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set up. It is planned to examine the 
validity of the size and shape relation- 
ships demonstrated by Callender,* to 
study the relationship of the notch to the 
geometry of the present Izod impact test, 
and to study other methods of notching, 

Subcommittee IX on Molds and Molding 
Processes (W. L. Hess, chairman),— 
Problems under active study are the 
effect of molding and mold design on 
physical properties, standardization of 
mold designs for test specimens, and 
standardization of molding technique. 
An encouraging start has been made but 
the problems are exceedingly difficult 
and a great deal of work must be done 
before much standardization can be 
accomplished. 

Subcommittee X on Definitions, Nomen- 
clature, and Significance of Tests (G. W. 
Clark, chairman).—Under consideration 
are a number of definitions including 
those for the terms “plastic,” “thermo- 
setting,” “thermoplastic,” etc. A stand- 
ardized scheme for designation of flow of 
thermoplastic materials is being sent out 
to letter ballot in the subcommittee. 
Work is under way on developing for 
test specimens a standard system of des- 
ignation which will indicate the direc- 
tion of flow and the application of load 
during molding. 


This report has been submitted to 
letter ballot of the committee which 
consists of 127 voting members; 73 
members returned their ballots, of whom 
64 have voted affirmatively, and 0 
negatively. 


Respectfully submitted on behalf of 

the committee, 
ROBERT BURNS, 
. 
Chairman. 

L. W. A. MEYER, 

Secretary. 

5 L. H. Callender, “‘New Methods for Testing Plastics, 


British Plastics, Vol. 13, No. 155, pp. 445-448 (1942); also 
Vol. 13, No. 156, pp. 506-519 (1942). 


On PLASTICS 


EDITORIAL NOTE 


As indicated in the Summary of Proceedings, p. 11, recommendations 
affecting tentatives referred to in the report were submitted by Committee © 
D-20 and accepted by the Administrative Committee on Standards on June 27, : 
1945. The new and revised tentatives appear in the 1945 Supplement to 
Book of A.S.T.M. Standards, Part III. 


The proposed revisions in the Tentative Methods of Test for Impact Re- 
sistance of Plastics and Electrical Insulating Materials (D 256 — 43 T) accepted 
subject to the concurrence of Committee D-9, as indicated in the Summary of 
Proceedings, p. 10, were not approved by Committee D-9 and accordingly 
these revisions were withheld pending further study. 

Subsequent to the Annual Meeting, Committee D-20 presented to the Ad- 
ministrative Committee on Standards the following recommendations: 


Revision of Tentative Method for: 
Testing Deformation of Plastics Under Load (D 621 -44 T). 


New Tentative: 
Method of Test for Coefficient of Cubical Expansion of Plastics (D 864 —- 45 T). 


These recommendations were accepted by the Standards Committee on De- 
cember 10, 1945 and the new and the revised tentatives appear in the 1945 Sup- 
plement to Book of A.S.T.M. Standards, Part III, under the designations in- 
dicated above. 

On December 10, 1945, the Standards Committee accepted the joint recom- 
mendation of Committee D-20 and Committee D-9 on Electrical Insulating 
Materials that the Tentative Specifications for Phenolic Molding Compounds 
(D 700 — 43 T) be revised. The revised tentative also appears in the 1945 Sup- 
plement to Book of A.S.T.M. Standards, Part III. 

On January 17, 1946, the Standards Committee accepted the Tentative 
Method of Designating the Flow Temperature of Thermoplastic Molding 
Materials (D 863 -45 T) which appears in the 1945 Supplement to Book of 
A.S.T.M. Standards, Part III. 
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APPENDIX I 


RECOMMENDATIONS AFFECTING STANDARDS ON PLASTICS 


In this Appendix are given proposed 
revisions in certain tentative methods and 
specifications covering plastics which are 
referred to earlier in this report. These 
tentatives appear in their present form 
in the 1944 Book of A.S.T.M. Standards, 
Part III. 


Tentative Methods of Test for Impact 
Resistance of Plastics and Electrical 
Insulating Materials (D 256 — 43 T):! 


Section 3 (a)—Change the second 
sentence of this paragraph to read as 
follows: ““To insure the correct contour 
and condition of the specified notch, all 
specimens shall be notched as prescribed 
in Section 4.” 

Section 4-—Add a new section 4 to 
read as follows and renumber the subse- 
quent sections accordingly: 


4. Notching Test Speciméns: (a) Notching 
shall be done with a milling cutter. Any stand- 
ard milling machine or lathe, may be used. 
The cutting edge (Note 5) shall be carefully 
ground and honed so as to produce an angle 
between 44 and 46 deg. and a radius between 
0.009 and 0.011 in. A 15 to 20 deg. negative 
rake is satisfactory. 

Note 5.—Carboloy tips, or their equivalent, 
are strongly recommended, because of the im- 
portance of maintaining a sharp cutting edge. 
A supply of several cutters is advisable so that 
the notching equipment may be kept in use 
while dull cutters are being sharpened. 

(b) The linear speed of the cutting tool 
shall not exceed 600 ft. per min. (Note 6). 

(c) The feed shall be slow enough to result 
in a smooth cut. Speeds ranging from 0.5 to 
5.0 in. per min. have proved satisfactory for 
some materials (Note 6). 

Note 6.—While the speed ranges given in 
Paragranhs (6) and (c) have produced satis- 


1 See Editorial Note, p. 373. 


factory notches in some plastic and electrical 
insulating materials, it may be necessary to 
study the effect of variation in these conditions 
when unfamiliar materials are to be notched. 
(d) After cutting every 500 notches, or more 
frequently if hard abrasive materials are being 
notched, the cutter shall be inspected for sharp- 
ness, freedom from nicks, radius of tip and angle. 
If any signs of dullness are apparent, or if the 
angle and radius (Note 7) do not fall within 
their specified limits the cutter shall be replaced 
with one newly sharpened and honed. A micro- 
scope with a camera lucida attachment is 
suitable for checking the radius and angle. 
NoTE 7.—Relatively close tolerances must be 
imposed upon the angle and radius of the notch 
because these factors largely determine the 
degree of stress concentration at the base of the 
notch during the test. The maintenance of a 
sharp, clean-edged cutting tool is particularly 
important, since minor defects at the base of 
the notch can cause large errors in test results 


Section 5.—Renumber Note 5 in this 
section as Note 8. 

Section 8 (a)—Change the second 
sentence of this paragraph to read as 
follows: ‘‘To insure the correct contour 
and condition of the specified notch, all 
specimens shall be notched as prescribed 
in Section 4.” 


Tentative Method of Test for Haze of 
Transparent Plastics by Photoelectric 
Cell (D 672-44 T): 


The revised specifications are ap- 
pended hereto.’ 


Tentative Specifications for Cellulose 
Acetate Plastic Sheets (D 786 — 44 T): 
The revised specifications are ap- 

pended hereto.’ 


_ 2 These revised specifications were accepted by the So- 
ciety and appear in the 1945 Supplement to Book of A.S. 
T.M. Standards, Part III. 
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RECOMMENDATIONS AFFECTING STANDARDS ON PLASTICS 


Tentative Recommended Practice for 
Molding Specimens of Phenolic Mate- 
rials (D 796-44 T): 


Section 1—Under “General Purpose 
Phenolic Materials” change “Impact 
test specimens 5 by 3 by 3 in.” to read 
“Impact, flexural and tension test 
specimens.” 

Section 2——Delete the present Para- 
graph (a) and substitute the following: 


(a) Molds: 
(1) For molding impact and flexure specimens 
of general purpose mica-tilled and shock- 
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j 
resistant phenolic materials the single bar 
single cavity positive mold described in ~ 
Fig. 2 of A.S.T.M. Specifications D 647 > 
shall be used. 
For molding the tension specimens of | 
general purpose, mica-filled and shock- 
resistant phenolic molding materials the 
positive mold shown in Fig. 4 of A.S.T.M. 
Specification D 647 shall be used. 


Table I—Change the heading ee 
the caption “General Purpose Phenolic 
Materials” in the second column from 7 
“Impact Specimen 5 by 3 by 3 in.” to- 
read “Impact, Flexure, and Tension > 
Specimens.” 
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FLEXUR. AL PROPERTIES OF PL ASTICS* 


Summary oF Test Resutts OBTAINED IN CoMMITTEE D-20! 


By W. 


The object of this 
series of round-robin tests was to de- 
termine the effect of various factors 
on the flexural properties of plastics, 
prior to the preparation of the 
A.S.T.M. Tentative Method of Flex- 
ural Test of Plastics (D 790 — 44 T).* 
In 1941, Section F of Subcommittee I 
on Strength Properties of Commit- 
tee D-20 on Plastics was organized 
with F. G. Tatnall as chairman of 
the section. The duty of the section 
was to present a proposed revision 
of the flexural strength methods 
which were in use for various types 
of plastics at that time. The meth- 
ods that were in use at that time 
were those covered by A.S.T.M. 
Standard Methods of Testing Sheet 
and Plate Materials Used in Elec- 
trical Insulation (D 229 —39)4 and 
Tentative Methods of Testing 
Molded Materials Used for Electrical 
Insulation -(D 48-41 It was 
soon recognized that there were a 
large number of variables which 


* Also published in A.S.T.M. BuLuetin, No. 134, 
May, 1945, p. 31. 

1 Submitted to Subcommittees II on Molded 
Insulating Materials and III on Plates, Tubes, 
and Rods of Committee D-9 on Electrical Insu- 
lating Materials and Subcommittee I on Strength 
Properties of Committee D-20 on Plastics by 
Section F of Subcommittee I of Committee D-20. 

Ep.—A continuation of the studies reported in 
this paper » given in a paper by E. M. Schoen- 
born, G1 . Proctor and Jaime Carvajal, ‘‘The 
Effect of wi idth and of Span—Depth Ratio on the 
Flexural Strength of Laminated Plastics.”” See 

. 910. 

+ Chief Physicist, Bakelite Corp., Bloomfield, 


N. 
31944 Book of A.S.T.M. Standards, Part III, 
1634. 
- ‘ 1939 Book of A.S.T.M. Standards, Part III, 
p. 265. 
61941 Supplement, Book of A.S.T.M. 


ards. Part III, p. 322. 


A. Zinzow? 


might affect the results which would 
be obtained when following these 
testing procedures. Therefore, the 
section was organized to determine 
the effect of these various factors. 

Five different laboratories cooper- 
ated in making these tests. They 
were as follows: Monsanto Chemi- 
cal Co. Laboratory at Springfield, 
Mass.; Mechanical Engineering 
Laboratory at Rensselaer Polytech- 
nic Institute; National Vulcanized 
Fibre Laboratory; Westinghouse 
Electric and Manufacturing Co. 
Laboratory; and the Bakelite Corp. 
Laboratory. 

This section set out to determine 
the effect of the following factors on 
the flexural properties of the ma- 
terials being tested. First, the effect 
of the loading edge radii; second, 
the effect of the rate of crosshead 
motion; third, the effect of the 
span-depth ratio. 

From the mass of data reported 
by these laboratories covering these 
points an attempt is being made to 
abstract and present in a summary 
form some of the pertinent facts 
which were made available to this 
section. This is not intended to be 
a critical analysis of these data but 
is presented with the thought that 
members of the subcommittees in 
Committees D-9 on Electrical Insu- 
lating Materials and D-20 involved 
with these methods would be inter- 
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ested in the information upon which 
the writing of the Tentative Method 
D 790 was based. 


Errect oF Loapine EpGe Rapti 

The tests to determine the effect 
of loading edge radii were made at 
the’ Monsanto Laboratories under 
the direction of H. K. Nason. The 
following quotation is taken from 
Nason’s report covering this par- 
ticular point. 

“The effect of loading point radii 
on mechanical tests shows that the 


ences in the tensile stresses in the 
lower half of the bars could be de- 
tected, see Fig. 52 [accompanying 
Fig. 2.—Eb.]. The fringe order was 
about one (in a total of 9) greater 
just below the 1é4-in. radius molding 
point than for the 1-in. radius in- 
dicating a slightly higher stress con- 
centration for the smaller radius. 
The difference is small, however, 
and it is believed that the varia- 
tion in loading point radii over the 
range studied produces no serious 
change in stress distribution. 


Polystyrene 
10000 (Maximum fiber Stress 
¢ 
-z 8000 
o 
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radius of the loading points has no 
measurable effect on the flexural 
strength or yield point of injection 
molded cellulose acetate or poly- 
styrene. Figure 41 [accompanying 
Fig. 1—Ep.] shows that the varia- 
tion from one experimental point to 
another is very similar for the two 
materials. The effect of loading 
edge radii by means of photoelastic 
tests up to a maximum fiber stress of 
approximately 3000 psi. no differ- 


Loading Point Radi, in. 
Fic. 1.—Flexural Strength versus Loading Point Radii. 


study of the four-point loading sys- 
tem gave essentially the same re- 
sults as the three-point system.” 
From the above report it seems 
quite reasonable to assume that the 
radius of the loading edges has very 
little effect on the results obtained. 
However, the proposed test method 
calls for a definite radius of loading 
edge in order that this variable be 
eliminated as far as possible. 
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3-Point Loading Fs 
P = 26.92 Ib. 
L = 4in. . 


r = as shown 
o = 3034 psi 
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Fic. 3.—Effect of Speed on Flexural ‘Stress Deflection Curves. 
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psi 


8000 
6000 
4000 


Crosshead Speed 
© 0.05 in. per min. 


* 0.2 in. per min. 
© /.01n. per min. 


4 4.0in. per min. 


Standard Testing Conditions 


0.1 


Deflection, in. 


0.2 


Crosshead Speed 


© 005in. per min. 
* per min. 
© per 
40in. per min. 


Standard Testing C onditions 
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Deflection, in. 
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Fic. 4.—Effect of Speed on Flexural Stress Deflection Curves. 
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Tue Errect or RATE oF CROSSHEAD 
MortIoNn 

The effect of the rate of crosshead 
motion or of the rate of loading on 
the modulus of rupture as well as the 
modulus of elasticity was covered by 
two different laboratories. Tests 
were made at Rensselaer Polytech- 
nic Institute in the Mechanical En- 
gineering Department under the di- 
rection of Leroy W. Clark. Similar 


14000 


is given in Figs. 3, 4, and 5 showing 
the effect of crosshead speed on the 
flexural stress deflection curves for 
both polystyrene and cellulose ace- 
tate. Figure 5 shows the effect of 
crosshead speed on the maximum 
fiber stress obtained for both of 
these materials. 

The results of these tests seem to 
indicate that the ultimate modulus 
of rupture or the value of the maxi- 


: 
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i 
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E 
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0.05 0.1 


Crosshead Speed, in. per min. 
Fic. 5. 


work was carried out at the Mon- 
santo Laboratories under the direc- 
tion of H. K. Nason. Both labora- 
tories reported the results of their 
test to the section. The results ob- 
tained at the Rensselaer Labora- 
tories are shown by copies of curves 
submitted by Clark. 

_ Asummary of the Monsanto data 


0.5 


mum fiber stress for the more flex- 
ible materials is considerably af- 
fected by the effect of speed of cross- 
head motion. The data also show 
that the speed of testing does not 
produce any serious effect as far as 
could be determined for the modulus 
of elasticity measurements. As 4 
result of these laboratories’ data and 
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TABLE I.—RESULTS OF TESTS ON LAMINATED MATERIAL TESTED AT 
NATIONAL VULCANIZED FIBRE CoO. 
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Strength, | Number] Deviation, 
Thickness, Span-Depth psi., of per cent, 
Material in. Direction Ratio avg. Tests avg. 
Lensthwi 8 21 200 6 1.6 oe 
Crosswise 16 16 500 10 
thwi 1 
16 23 700 10 2:1 
Crosswise 18 300 10 1.7. 
Fibre 23300 | 10 
‘9 
Lengthwi 9 
Me net 16 26 100 19 3.0 
Cc i 1.0 
rosswise 16 18 900 10 2'0 
thwi 4.1 
% | 3820 | | 
4.3 
Crosswise 1 6 20 200 : 
Lengthwi 10 1.5 
i 7 : 
Lengthwi 
=e 16 19 700 10 2.8 
: — 8 20 200 9 4.0 
Lengthwise 16 21 400 io 
i 10 ‘4 
Cresswiss 16 22 200 10 3.4 
Lengthwi 52 9 3.4 
Cc 2. 
16 22400 | 10 2°7 


considerable discussion at a series of 
section meetings, the section recom- 
mended that the rate of loading be 
such that a constant rate of strain- 
ing be used. This rate of straining 
is approximately that obtained by 
the old standard methods used in 
D 48 and D 229 which called for a 
crosshead motion of 0.050 in. per 
min. when a 3 by 3-in. bar was tested 
using a 4-in. span between supports. 


Errect oF SpAN-DeptH Ratio 


In all previous tests on flexural 
properties of plastics it was custo- 
mary to use a span-depth ratio of 8 
tol. The experience of the plywood 
industry and the aircraft industry 
was such as to indicate that a larger 
span-depth ratio was desirable. 


TABLE II.—RELATION BETWEEN THE 
ULTIMATE STRENGTH VALUES 
OBTAINED TWO SPAN-DEPTH 


ATIOS 
Difference 
Between 
16 tol 

Thick- Span Depth 

ness, and 8 to 1 

Material in. Direction |Span Depth 
% Lengthwise 18.8 
Cross wise 16.8 
Lengthwise 8.1 
Fib * Crosswise 8.7 
\% Lengthwise 14.6 
Crosswise 17.5 
Length wise 12.8 
6 Cross wise 4.5 
% Lengthwise 16.2 
Phenolic XXX 
446 |\Crosswise 8.0 
% Lengthwise 10.6 
Crosswise 5.7 
\% 

Toss wise 

Phenolic C... Lengthwise 517 
Cross wise 11.8 
Lengthwise 6.3 
6 |\Crosswise 6.7 
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TABLE III.—RELATION BETWEEN MODULI OF ELASTICITY OBTAINED BY TWO SPAN- 
DEPTH RATIOS. 


| Modulus of Elasticity 
For 16 to 1 For 8 to 1 | 
| Thickness, Span Depth, Span Depth, Difference, 
_ Material in. Direction psi. psi. | per cent 
¥ J Lengthwise 1 330 000 1060000 | 25.4 
, Crosswise 820 000 853000 | 3.9 
Lengthwise 1 230 000 1 030 000 19.4 
4 Crosswise 830 000 744 000 11.6 
4g } Lengthwise 625 000 745 000 6.7 
‘ji | | | 
XX j ngthwise | 
Phenolic XXX....... % \| Crosswise 1 190 000 1 170 000 17 
% | Lengthwise 1 090 000 1 200 000 9.2 
engthwise 
; Phenolic C.......... % | Crosswise 1 030 000 990 000 4.0 
% { Lengthwise 1 280 000 803 000 59.5 
Crosswise 860 000 850 000 -2 


The tests on all thicknesses of the materials except the 116 in., were made on a Tinius Olsen 50,000-lb. 
capacity motor-driven Manual Balancing Testing Machine with deflections determined by the use of an 
Ames gage reading to 0.0001 in. mounted on the crosshead of the machine. Adjustments were made for 
the maximum load of 5000 lb., and under such an adjustment this machine can read loads to the nearest 
one pound. The 116-in. thick material could not be satisfactorily tested on the above-mentioned equip- 
ment and was tested on a Steel City Testing Machine of the Hydrualic Type of 3500-lb. capacity, ad- 
oy for a maximum load of 350 lb. With this adjustment the machine is capable of reading %4-lb. 
oads. 


_ sively as possible. Tests were made 
in three different laboratories on 


Therefore, the section determined to 
investigate the subject as exten- 


different types of materials. 

The results obtained at the Na- 
tional Vulcanized Fibre Laboratories 
are summarized in Tables I, II, and 

The results obtained at the West- 
inghouse Laboratories are shown in 
Figs. 6 to 8. 

The results obtained at the Bake- 
lite Laboratories are also shown in 
Figs. 9 to 14. 

The results shown by these data 
are not clear cut in all respects. 
However, generally it is possible to 
draw these conclusions. The modu- 
lus of rupture obtained seems to vary 
some with the span-depth ratio. 
Generally the modulus of rupture as 
calculated by the conventional rela- 
tionship decreases slightly as the 
span-depth ratio increases. The re- 
sults, however, do indicate that the 
rate of change of this value with 
flexural strength seems to be de- 
creasing somewhat at span-depth 


ratios above 12. Since most of these 
test results were obtained by use of 
a constant rate of crosshead motion 
the rate of straining applied to the 
longer test specimens would be lower. 
This might result in somewhat lower 
modulus of rupture values as shown 
by Clark’s and Nason’s results. 

The results of the tests at the Na- 
tional Vulcanized Fibre Laboratories 
do not indicate that greater consist- 
ency in test results would be ob- 
tained by either method. 

Theory in the field of mechanical 
engineering indicates that the 8 to 1 
span-depth ratio throws this testing 
into what is usually called the short 
beam test in which case there seems 
to be considerable possibility of in- 
troducing error due to shear stresses 
during the testing procedure. Gen- 
erally, mechanical engineers favor 
the longer beam or longer span- 
depth ratio for that reason. 

The results of the tests in these 
three laboratories also indicate that 
generally the modulus of elasticity 
as calculated by the conventional de- 
flection equation increases somewhat 


Modulus of Elasticity, psi. 
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26000 _ 23.000 
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5 20000 
Cc x 
£ 24000 
19000 
L 
3 
x 
= 
u 22000 
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Span-Thickness Ratio 


Fic. 8.—Effect of Span Width-Thickness Ratio on Apparent Modulus of Elasticity By 
Flexural Test of Injection Molded Cellulose Acetate. Test Specimens } byj} by 5-in. 


Modulus of 
3 
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d = thickness, and 
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for the longer span-depth ratios. 
The reason for this may be the result 
of two things: One, the fact that the 
conventional deflection equation is 


based on the assumption that the ef- 
fect of shear stresses is negligible, 
and, second, that the popular tech- 
nique of measuring deflections may 
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Fic. 9.—Effect of Span Width-Thickness Ratio on Flexural Strength fof Injection Molded 
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Fic. 10.—Effect of Span Width-Thickne 
Flexure Test of Injection Molded Styron. 
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ss Ratio on Apparent Modulus of Elasticity by 
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| introduce an error because of the 
indentation of loading edges. 


When the simple beam method of 
test is used with the load applied at 
the midspan line a correction in the 
measured deflection should be made 
because the shear deflection intro- 
duced by the low span-depth ratio 
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tion is approximately 5 per _cent. 
For a 3 by }3-in. bar tested on 
8-in. span supports this correction 
factor is of the order of 1 per cent. 
This correction should be applied to 
observed values of the deflection 
produced by a given applied incre- 
ment of load. The result of such a 
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Fic. 13.—Effect of Span-Depth Ratio =} Flexural Strength and Modulus of Elasticity of 


is not negligible. The observed de- 
flection is too large by a factor de- 
pending on the geometry of the test 
specimen and the location of the 
loading edges. For a } by }-in. 
bar tested on 4-in. span supports 
this correction factor for the deflec- 


M-261. 


correction would be a higher modu- 
lus of elasticity than was actually 
calculated using always the simpli- 
fied beam formula. 

Another error frequently found in 
measurements of modulus of elas- 
ticity is the error in the apparent 
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deflection caused by the indentation 
of the loading edges. For soft ma- 
terials, such as plastics, the loading 
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loading edges. Sometimes the de- | 
flection of the midpoint of the bar 
relative to the supporting edges is 
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m edges make an indentation in the 
ly specimen. If the deflection of the 
rf test bar is measured, as it frequently 

is, with a dial gage micrometer the 
in measurement made is usually the 


relative motion of the two sets of 
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Fic. 14.—Effect of Span-Depth Ratio on ame Strength and Modulus of Elasticity of 
BM-3510. 


used. Any indentation of the sup-— 
porting or loading edges would then | 
tend to give an apparent deflection — 
reading for the test specimen which 
is too high by the amount of this 
indentation. 


For example, it was 


"| 
| 
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found in the Bakelite Laboratories 

that for a phenolic material tested 
7 with a 34 by 3-in. bar on a 4-in. 

span support this indentation was 
usually between 7 and 15 per cent of 
the deflection used in calculating the 
_ modulus of elasticity. In some cases 
indentations as high as 25 per cent 
of the deflection were observed. 
q Since a longer span results in both 

reduced loads and larger deflections 
for a given material and since the 
amount of indentation is largely a 

function of the load applied to the 
indenting edge, such an increase in 
the span-depth ratio from 8 to 16 
will reduce this error to less than 1 
per cent. Figure 10 of the Bakelite 
data indicates that if the modulus 
of elasticity is calculated from cor- 
~ rected and uncorrected deflections 
- due to indentation of the loading 
- edges, with a span-depth ratio of 8, 
the error introduced in modulus cal- 
culations is approximately 10 per 
cent while with a ratio of 16 the 
error is negligible. Thus, the use of 
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the larger ratio obviates the neces- 
sity for determining the amount of 
indentation for each test and relieves 
the laboratory from considerable 
extra work. 

Because of the above information 
obtained from theory and experi- 
ment the members of the section are 
suggesting that a span-depth ratio 
of 16 be used in making modulus of 
rupture and modulus of elasticity 
measurements. 
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Mr. Pure S. TuRNER (by letter) .\— 
Papers by Tucker? and Weibull® are of 
interest in regard to the effect of span- 
depth ratio and uniformity of test re- 
sults. These papers demonstrate that 
the strength of any material, other than 
a perfectly flawless homogeneous one, 
and the uniformity of the results, will 
vary with the size of the specimen and 
the method of testing. The magnitude 
of the effects of nonhomogeneity will be 
different for each specific material. 

If flawless homogeneous specimens 
were available the effect of plastic flow, 
large deformations, rates of loading and 
other variables could be determined 
within the limits of experimental error 
with a single test specimen. In this 
connection it is notable that the results 
for unfilled polystyrene and the unfilled 
cellulose acetate are much more con- 
sistent than the results for the filled 
materials. It is not to be inferred from 
this that the testing procedure of one 
laboratory is superior to another but 
that the variabilities of the unfilled 
materials are less than those of the rein- 
forced or filled plastics. The unfilled 
plastic can, at least theoretically, be 
continuous and homogeneous, whereas 
this is an inherent impossibility for the 
reinforced and filled materials. 

The laminated materials, as is indi- 
cated by the data for flexural strength 

‘Organic Plastics Section, National Bureau of Stand- 
ards, Washington, D. C 


J. Tucker, Jr., ‘Statistical Theory of the Effect of 
Dimensions and Method of Loading upon the Modulus of 
of Beams,” Proceedings, Am. Soc. Testing Mats., 
Vo ow’ 1072 (1941). 

*W. Weibull, ‘‘A Statistical Theory of the Strength of 
Materials.” Proceedings, Royal Swedish Inst. Engineering 

esearch, No. 151 (1939). 


reported by the National Vulcanized 
Fibre Laboratory, can be fairly uniform. 
The data reported by the Westinghouse 
Laboratory, which are consistent for the 
cellulose acetate but inconsistent for the 
other materials, suggest that samples 


of the latter were too small or the speci- _ 


mens inadequately sampled, although 
the same number of specimens may have 
been used in all cases. 

The data contributed by the Bakelite 
Corp. are likewise consistent for cellu- 


lose acetate and to a lesser degree for 


injection-molded polystyrene but in- 
consistent for the molded phenolic com- 
positions. Although the numerical data 
for the tests on the phenolic molding 
materials are not given, the plot of the 
individual results serves to illustrate the 
unreliability of the data. 


for testing the cellulose acetate. The 
inference is necessarily that the mate- 
rials are less uniform. 

Statistical methods, when combined 
with adequate sampling, can be used 
to isolate the effect of independent 
variables, although the number of speci- 
mens required to remove uncertainty | 
will vary with the standard deviation of 
the test results. For illustration, the 
data contributed by the Bakelite Corp. 
for the flexural strength of BM-021 at 
a span-depth ratio of 8 to 1 with 3 by 
1-in. specimens, which were taken from 
the graph, have been used to calculate 
a tentative standard deviation. This 
turns out to be + 700 psi. or a coeffi- 
cient of variation, V, of 9 per cent of the 


The scatter- 
ing does not indicate that the test method 
is any less precise than the method used 
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average. The curve drawn through the 
points shows a variation of about 12 per 
cent between maximum and minimum 
values. The number of specimens re- 
quired to establish the significance of 


e difference is given by the equation 
th g y quation 


(difference )* 


_ 18 X 81 


= 10 specimens required 


_ Since only five specimens were used, 
this difference is not significant. The 
difference shown between tests at span- 
depth ratios of 8 to 1 and 16 to 1 is only 
4 per cent and would require 


18X81 _, 
N 16 = 


specimens at each span-depth ratio. If 
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fewer than the required number of 
specimens is used, the results may turn 
out to be inconsistent; as shown by the 
data for BM-3510. 

The National Vulcanized Fibre Labo- 
ratory is to be commended for presenting 
data indicating the precision of their 
results. The presentation of data in 
the form of curves drawn through 
average values tends to convey an 


erroneous impression of the significance 


of the results and may lead to false 
conclusions based on inadequate data. 

The variations in flexural properties 
peculiar to plastics are superimposed on 
a different type of variation due to non- 
homogeneity which is common to all 
imperfect materials in varying degrees. 
The latter effect may be by far the most 
important, but until its magnitude is 
determined statistically the effect of the 
variable being studied cannot be de- 
termined with any certainty. 
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~ Committee E-3 on Chemical Analysis 
of Metals held one meeting during the 
year on June 27, 1944, in New York, 
N. Y., during the annual meeting of the 
Society. 

In addition to the meeting of the full 
committee, meetings of four divisions 
and ten subcommittees were held during 
the year. 

Committee E-3 in conjunction with 
Committee E-2 on Spectrographic Anal- 
ysis sponsored a Symposium on Analyt- 
ical Colorimetry and Photometry! at 
the 1944 Annual Meeting in New York. 
Interest in this symposium as evidenced 
by the attendance exceeded expectations. 
A special committee under the chair- 
manship of D. R. Evans worked on the 
arrangements for the symposium and 
on the editing of the papers for publica- 
tion. 

The following officers were elected 
for the ensuing two years: 

Chairman, G. E. F. Lundell, 

Vice-Chairman, C. B. Francis, 

Vice-Chairman, H. A. Bright, 

Secretary, J. W. Stillman. 

Seven new members and one consult- 
ing member were added to the committee 
during the year. Three members and 
one consulting member have been 
dropped from the committee. One 
member in the armed services was 
transferred to inactive status. One 
member was lost by death. The mem- 


, * Presented at the Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 

1 Proceedings, Am. Soc. Testing Mats. Vol. 44, p. 709 
44); also issued as separate publication. 


= we 


(19 


REPORT OF COMMITTEE E-3 
ON 
CHEMICAL ANALYSIS OF METALS* | 


391 


bership of the committee at the end of 
the year was 79. 

The loss of Mr. T. A. Wright by death 
will be greatly felt by the members of 
Committee E-3. Mr. Wright had been 
very active from the beginning in the 
affairs of Committee E-3 and had shared 
willingly in the responsibilities, not 
only of this committee but in its relation 
to other committees. Committee E-3 
voted the following resolution to be sent 
to Lucius Pitkin, Inc.: 

It was with sincere regret that the members 
of Committee E-3 of the American Society for 
Testing Materials learned of the death of your 
President, Mr. Thomas A. Wright. His intense 
interest in all committee affairs was deeply 
appreciated and his good counsel and sound 
judgment will be sorely missed. We wish to 
extend to you our sincere sympathy in a loss so 
grave. 

Voted in committee assembled, Washington, 
D. C., June 26, 1945. 

A similar resolution voted by the 
committee was also sent to Mrs. Wright. 

On the expectation that the Book of 
A.S.T.M. Methods of Chemical Analysis 
of Metals will be issued in a new edition 
in 1946, the divisions and the subcom- 
mittees have been actively at work on 
methods to included in _ this 
new edition. Considerable progress was 
made during the year on revisions to 
bring the present procedures up to date 
and on new chemical methods, including 
a number of photometric methods, 


RECOMMENDATIONS AFFECTING 
STANDARDS 


As the result of the year’s work, the 
committee is recommending the adoption 
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as standard of nine tentative methods of 
chemical analysis of metals and the 
immediate adoption of revisions in one 
standard, as listed in Yable I. 

These recommendations have been 
submitted to letter ballot of the commit- 
tee which consists of 79 members, with 
the results shown in Table I. 


TABLE L.—-ANALYSIS OF LETTER BALLOT VOTE. 


Affir- 
mative 
| 


Not 
Voting 


Nega- 


Items 


I. Apoption oF TENTATIVES 
AS STANDARD 
Chemical Analysis of Silver Sol- 
ders (B 81 — 36 T) 

Chemical Analysis for Selenium 
in Steel (E 30 — 43 T) 

Chemical Analysis of Aluminum 
and Aluminum Alloys (E 34 
42 T) 
Adoption as standard 
Addition of titanous chloride 

procedure for iron 

Chemical Analysis of Magne- 
sium and Magnesium Alloys 
(E 35 - 42 T) 

Chemical Analysis of Brasses 
(E 36-42 T) 

Chemical Analysis of Pig Lead 
(E 37 - 42 T) 

Chemical a of Nickel 
(E 39-42" 

Chemical of Slab Zinc 
(Spelter) 40 42 T) 

Chemical Analysis of Base 
Die-Casting Alloys (FE 47 
42 T) 

Il. Revision or STANDARD, 
IMMEDIATE ADOPTION 
Chemical Analysis of Steel, 
Cast Lron, Open-Hearth Iron, 
and Wrought Iron (E 30 - 42) 


Activities OF DIVISIONS 
SUBCOMMITTEES 

Division A on Ferrous Metals (Arba 
Thomas, chairman).—The Ferrous Divi- 
sion held two meetings during the year, 
one at Pittsburgh, Pa., in January and 
the other at Washington, D. C., in 
June, 1945. Both meetings were well 
attended and keen interest was shown 
in the work of the division. 

During the year the efforts of the 
division were concentrated on the selec- 
tion and development of a combustion 
method for the determination of sulfur 
in iron and steel. As a result, a method 


AND 
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was approved at the June meeting cover- 
ing the determination of sulfur in steels 
only, and this will be submitted to a 
letter ballot of the Division and Com- 
mittee E-3 for publication as tentative.” 
It is anticipated that in the near future 
additions will be made which will include 
procedures for determining sulfur in pig 
and cast iron. 

A method for the determination of ni- 
trogen in steel has algo been completed 
and approved by letter ballot of the di- 
vision. This method will be recom- 
mended for publication as tentative.” 

Several subcommittee groups made a 
very careful review of the present Stand- 
ard Methods of Chemical Analysis of 
Steel, Cast Iron, Open-Hearth Iron, 
and Wrought Iron (E 30-42) and 
presented recommendations as to modifi- 
cations which are recommended for 
immediate adoption.* No serious criti- 
cisms of the present published methods 
were made but a number of minor 
improvements in details of certain pro- 
cedures were suggested and approved. 
One important change was a decision 
to omit the direct cyanide titration 
method for nickel. It was conceded 
that this was a useful control method 
but could hardly be classified as a stand- 
ard or umpire method which would 
fulfill the standard A.S.T.M. require- 
ments. 

Consideration is being given to a 
method for the determination of tungsten 
in certain complex alloy steels containing 
columbium and molybdenum. 

The division has also completed a 
revision in the Standard Methods of 
Chemical Analysis of Ferro-Alloys (E 31 
-42) which will include a change in the 
method for determination of phosphorus 
in ferrovanadium, and a few minor 

2 See Editorial Note, p. 394. 


s The revisions have he incorporated in the revised 
methods which appear in the 1946 Book of A.S.T.M. Meth- 


ods of Chemical Analysis of Metals. 
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improvements in other procedures. This 
revision will be presented later in the 
year’ and in order to have the changes 
included immediately in Methods E 31 
they will be reverted to tentative. 

Considerable progress has been made 
in the development of a standard method 
for the determination of tin in low-alloy 
and stainless steels. Most of the experi- 
mental work has been completed by the 
members of the subgroup responsible 
for this procedure and it is anticipated 
that the proposed method will be ready 
for letter ballot action later in the year. 

The subgroup responsible for the 
development of a method for the deter- 
mination of aluminum in_high-alloy 
steels of the stainless type has accumu- 
lated considerable data and two methods 
have been selected for consideration 
by the Division. It is hoped that a 
tentative method will be ready for letter 
ballot action later in the year. 

The subgroups in charge of the de- 
velopment of a method for the deter- 
mination of bismuth in certain types of 
free-machining steel have delayed action 
for the time being in view of the demands 
of war work. 

The question of tolerances that may be 
expected with the use of the standard 
AS.T.M. methods was considered but 
it was felt that the concentrated effort 
of the Division on the problem would be 
required before definite progress could 
be made. 

Some interest has been indicated in 
the determination of beryllium and a 
subgroup chairman was appointed to 
take up this problem. 

Division B on Non-Ferrous Metals 
(D. R. Evans, chairman).—The Non- 
Ferrous Division held one meeting 
during the year at Washington, D. C., 
in June, 1945, but the members of the 
Division have been very active through 
the subcommittees reviewing the present 
published methods and working towards 
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necessary revisions. A number of the 
present tentative methods for the anal- 
ysis of non-ferrous metals were ap- 
proved for adoption as standard, the 
titles of which are given in Table I. 
The Methods of Chemical Analysis of 
Aluminum and Aluminum Alloys (E 34 — 
42 T) were adopted with the addition 
of a titanous chloride procedure for iron. 

During the year methods for the de- 
termination of iron, manganese, nickel, 
phosphorus, arsenic, antimony, and tin 
have been prepared for addition to the 
Methods of Chemical Analysis of Special 
Brasses and Bronzes? which are to be 
submitted for publication as tentative 
and included in the new edition of the 
Book of Methods of Chemical Analysis 
of Metals. 

The Tentative Method for Battery 
Assay of Copper (B 34-36 T) has been 
revised? and now applies to the analysis 
of material having a copper content of 
99.4 per cent and over. 

The scope of compositions of copper- 
nickel and copper-nickel-zinc alloys to 
be analyzed has been determined and 
progress is being made on the assembly 
of these analytical methods. 

Methods for the chemical analysis of 
white metal bearing alloys are in the 
process of being revised.? A_polaro- 
graphic method for zinc and a new 
photometric method for aluminum in 
lead-tin alloys are being tested. When 
this work has been completed, revisions 
in the Tentative Methods of Chemical 
Analysis of Lead- and Tin-Base Solder 
Metals (EF 46-42 T), and new Tenta- 
tive Methods for Chemical Analysis of 
White Bearing Metals will be ready for 
letter ballot.’ 

Subcommittee B-7 has been very 
active in the development of photometric 
methods. In addition to preparing a 
Recommended Practice of Photometric 
Methods for Chemical Analysis of Met- 
als, the subcommittee has in process of 
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development the following photometric 
methods: 

Analysis of copper and copper-base alloys, 
Analysis of magnesium and magnesium-base 


alloys, 
Bismuth in lead by the thiourea method, 


Tron in slab zinc (spelter), 
Iron in copper-nickel alloys, and _ 
Iron in Jead- and tin-base alloys. 

It is expected that the above will be 
completed in time for publication? in 
the new edition of the Book of Chemical 
Methods. The cooperative data ob- 
tained in the study of these several 
methods will be collected and published 
in the 1946 Report of Committee E-3. 
A special committee consisting of S. 
E. Q. Ashley, M. G. Mellon, J. W. 
Stillman, and P. J. Smith was appointed 
to advise and assist Subcommittee B-7 
in the use of correct terminology and 
nomenclature in connection with its 

work. 

Division C on Sampling completed a 
letter ballot on Methods of Sampling 
Slab Zinc which will be submitted for 
publication as tentative later in the 
year, 

The Proposed Methods of Sampling 
Wrought Metals and Alloys for Deter- 
mination of Chemical Composition will 
be recommended for publication as 


tentative.” 


Tentative Method for: 


designations indicated above. 


: Determination of Nitrogen in Steel (E 30 - 45 T), and 
_ Photometric Determination of Bismuth in Pig Lead (E 58 - 45 T) 


Due to the death of T. A. Wright it is 
expected that W. C. Bowden, Jr. will be 
appointed as chairman of this division. 

Division D on General Analytical 
Methods is responsible for the Tentative 
Recommended Practices for Apparatus 
and Reagents for Chemical Analysis of 
Metals (E50-—43T). In line with 
changes in the companion methods of 
chemical analysis several minor revisions 
in this recommended practice will be 
made later in the year.? The officers 
of this division B. L. Clarke, chairman 
and J. W. Stillman, secretary, have 
asked to be relieved of this assignment. 
It is expected that S. E. Q. Ashley, and 
Clavin Sterling will be appointed as 
chairman and secretary, respectively. 
It is planned to reorganize the work of 
this division during the coming year. 


This report has been submitted to 
letter ballot of the committee which 
consists of 79 members; 49 members 
returned their ballot, of whom 48 have 
voted affirmatively, and 0 negatively. 


Respectfully submitted on behalf of 
the committee, 
G. E. F. 
Chairman, 
J. W. StTILLMAN, 


Secretary. 


EDITORIAL NOTE 


Subsequent to the Annual Meeting, Committee E-3 presented to the Ad- 
ministrative Committee on Standards the following recommendations: 


4 


These recommendations were accepted by the Standards Committee on 
- August 27, 1945, and the new tentatives will appear in the 1946 Edition of 
4 the Book of A.S.T.M. Methods of Chemical Analysis of Metals under the 


On January 10, 1946, the Standards Committee accepted the recom- 
mendation of Committee E-3 that the Tentative Methods of Battery Assay 
of Copper (B 34-36 T) be revised and superseded by Tentative Methods 
‘of Chemical Analysis of Copper (Electrolytic Determination of Copper) 
(E 53-457). At the same time, the Tentative Photometric Methods for 
Chemical Analysis of Copper and Copper-Base Alloys (E 62 - 46 T) was ac- 
cepted. These methods will appear in the 1946 Book of A.S.T.M. Methods 
of Chemical Analysis of Metals under the designations indicated above. 
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REPORT OF COMMITTEE E-10 
ON 
STANDARDS* 


Committee E-10 on Standards con- 
tinues to receive a large number of recom- 
mendations with respect to tentative 
specifications and methods. In view of 
the O.D.T. travel restrictions, a number 
of the Society’s larger committees have 
not been able to hold customary meet- 
ings. However, these committees have 
taken advantage of the provision of the 
Regulations which permits the reference 
of standards recommendations to letter 
ballot in the standing committees, pro- 
vided the vote in the subcommittee is 
sufficiently clear, without first holding a 
meeting of the main committee. This 
has contributed to a great number of 
recommendations being submitted to 
Committee E-10 during the year and no 
doubt will continue to operate in this 
way even after the present emergency is 
over. Since all recommendations deal- 
ing with emergency standards and emer- 
gency provisions must also receive the 
attention of Committee E-10, that com- 
mittee has had an extremely full doc- 
ket as will be noted later in the report 
where the various actions are set forth 
as a matter of record. It will be noted 
that fourteen of the emergency standards 
have proved to be of permanent value 
and have been accepted for publication 
as tentative during the year. Likewise 
a number of the emergency alternate 
provisions have been withdrawn as such 
and incorporated in the standards them- 
selves. No doubt similar action will be 
taken with respect to a number of other 
emergency provisions still remaining on 
the books, and it is expected that with 


‘ * Presented at Forty-Eighth Annual Meeting of the 
Society, June 27, 1945. 


improved conditions, the remainder will 
be promptly discontinued. In accord- 
ance with the Procedure for Emergency 
Provisions and Standards all such pro- 
visions are subject to annual review and 
in order to be continued in effect must 
be reaffirmed by letter ballot vote of the 
sponsoring group, and the committee’s 
recommendations submitted to Com- 
mittee E-10. 

Only one meeting of the committee 
was held during the year, much of its 
work having been handled by corre- 
spondence. At that meeting, held in 
Philadelphia, Pa., on August 28, 1944, 
H. S. Vassar was re-elected chairman of 
Committee E-10 to serve until June, 
1945. The membership on Committee 
E-10 of R. D. Bonney and F. H. Jackson 
expired last year. However, they were 
both reappointed by the Executive Com- 
mittee of the Society to serve as members 
of Committee E-10 for a three-year term 
expiring in 1947. 


ALL 1945 RECOMMENDATIONS RELATING 
TO TENTATIVES TO BE SUBMITTED 
TO ComMITTEE E-10 


In lieu of a regular Annual Meeting 
with technical sessions, this year it is 
planned to hold a one-day business meet- 
ing in New York, N. Y., on Wednesday, 
June 27. At this meeting only those 
recommendations from standing com- 
mittees that have to do with the adop- 
tion of standards and revision of 
standards, which according to the Regu- 
lations of the Society require Annual 
Meeting action for reference to letter 
ballot, will be acted upon. All recom- 
mendations dealing with tentatives, as 
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for example the submission of new tenta- 
tive specifications and methods of test 
or revisions of existing tentative speci- 
fications and methods, will be referred 
to Committee E-10. These recom- 
mendations will be considered at a special 
meeting of Committee E-10 called for 
Wednesday, June 27, 1945, in New York, 
N. Y., at which time consideration will 
also be given to any emergency recom- 
mendations. 


Review or A.S.T.M. STANDARDIZATION 
ACTIVITIES 


A summary of new and revised tenta- 
tives submitted at the 1944 Annual 
Meeting was included in the August 
issue of the ASTM BuLietrn together 
with a review of standardization work of 
the various committees, with state- 
ments concerning new standards in 
prospect. Much of the information, 
particularly with respect to standardiza- 
tion projects under development in 
committees, is furnished by the standing 
committees subsequent to the Annual 
Meeting and takes advantage of the fact 
that many committees customarily plan 
their next year’s work at committee 
meetings held during the Annual 
Meeting. 

At the present time, it is possible to 
make only a preliminary estimate, in 
terms of new and revised standards, of 
the volume of standardization work ac- 
complished during the year which will 
be reported to the Society at the time of 
the Annual Meeting. The reports of 
standing committees to be presented at 
the Annual Meeting include recom- 
mendations substantially as follows: 


Revissons of 56 
Tentatives adopted as standard........... 36 
Tentative revisions of standards........... 15 


Revisions of standards recommended for 
adoption as standard... 
Withdrawals of standards and tentatives... 2 


There are at present 798 standards and 
463 tentatives of the Society, making a 
total of 1261, and if the above recom- 
mendations are approved, this total will 
become 1317. 


PROMOTION AND EXPANSION OF 
STANDARDIZATION ACTIVITIES 


Activities in Field of Ultimate Consumer 
Goods.—During the year steps have been 
taken to extend the activities of the 
Society in the development of standard 
tests and specifications for ultimate 
consumer goods. As mentioned in the 
Report of the Executive Committee,! 
an Administrative Committee on Ulti- 
mate Consumer Goods has been formed 
to plan and direct the development of 
this program through extension of pres- 
ent committee activities and, when 
advisable, through the establishment of 
new committees. 

Detailed information concerning the 
activities of the Society in this field will 
appear from time to time in the ASTM 
BULLETIN. 

Sulfur Cements.—In view of war-time 
conditions, no further steps have been 
taken looking toward the organization 
of the committee on sulfur cements 
which was authorized several years ago. 

Leather.—In view of the industrial use 
of leather for cushioning, belting, gaskets, 
etc., it was suggested that a canvass be 
conducted to determine the desirability 
of A.S.T.M. entering this field. This 
will be done through the medium of the 
ASTM BvLLetin. 

Asbestos Cement Products —The use of 
asbestos cement as a building material 
for roofing, water pipes, etc., is of in- 
terest to a number of the committees of 
the Society. Rather than to refer the 
subject to the different committees ac- 
cording to use, consideration is being 
given to the desirability of forming an 


1 See p. 21. 
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entirely new committee on cement as- 
bestos products to include sheet and 
shinglesas well as pipe, block asbestos, etc. 


CONSIDERATION OF NEW AND REVISED 
TENTATIVES 


The following new specifications and 
methods of test were accepted by Com- 
mittee E-10 during the year for publica- 
tion as tentative: 


Tentative Specifications for: 


Seamless and Welded Ferritic Stainless Steel 
Tubing for General Service (A 268-44T), 
submitted jointly by Committee A-1 on Steel 
and Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel and Related Alloys, 

Seamless and Welded Austenitic Stainless Steel 
Tubing for General Service (A 269-44 T), 
submitted jointly by Committee A-1 and Com- 
mittee A-10, 

Seamless and Welded Austenitic Stainless Steel 
Tubing for the Dairy and Food Industry 
(A 270-44 T), submitted jointly by Commit- 
tee A-1 and Committee A-10, 

Seamless Austenitic Chromium-Nickel Steel Still 
Tubes for Refinery Service (A 271-44T), 
submitted jointly by Committee A-1 and Com- 
mittee A-10, 

Carbon-Steel Blooms, Billets, and Slabs for 
Forgings (A 273-44 T), submitted by Com- 
mittee A-1, 

Alloy-Steel Blooms, Billets, and Slabs for Forg- 
ings (A 274-44 T), submitted by Committee 
A-l, 

Lightweight and Thin-Sectioned Gray Iron Cast- 
ings (A 190-44 T), submitted by Committee 
A-3 on Cast Iron, 

Hot-Rolled and Cold-Finished Corrosion-Resist- 
ing Steel Bars (A 276-44 T), submitted by 
Committee A-10, 

Malleable Iron Flanges, Pipe Fittings, and Valve 
Parts (A 277 - 44 T), submitted by Commit- 
tee A-7 on Malleable Iron Castings, 

Gray Iron Castings for Pressure-Containing 
Parts for Temperatures Up to 650 F. (A 278 - 
44 T), submitted by Committee A-3, 

Automotive Gray Iron Castings (A 159-44 T), 
submitted by Committee A-3, 

Masonry Cement (C 91-447), submitted by 
Committee C-1 on Cement, 

Standard Strength Clay Sewer Pipe (C 13- 
a submitted by Committee C-4 on Clay 

ipe, 

Extra Strength Clay Pipe (C 200-44 T), sub- 
mitted by Committee C-4, 


GR-S (Synthetic Rubber) Sheath Compound for 
Electrical Insulated Cords and Cables Where 
Extreme Abrasion Resistance Is Not Required 
(D 812 —- 44 T), submitted by Committee D-11 
on Rubber and Rubber-Like Materials, 

Cast Allyl Plastic Sheets, Rods, Tubes, and 
Shapes (D 819-45 T), submitted by Com- 
mittee D-20 on Plastics, 


Tentative Methods of: 


Magnetic Particle Testing and Inspection of 
Commercial Steel Castings (A 272-44T), 
submitted by Committee A-1 on Steel, 

Magnetic Particle Testing and Inspection of 
Heavy Steel Forgings (A 275-44T), sub- 
mitted by Committee A-1, 

Total Immersion Testing of Stainless Steels 
(A 279 —- 44 T), submitted by Committee A-10 
on Iron-Chromium, Iron-Chromium-Nickel 
and Related Alloys, 

Test for Resistivity of Copper and Copper-Alloy 
Electrical Conductors (B193-44T), sub- 
mitted by Committee B-1 on Copper and 
Copper Alloy Wires for Electrical Conductors, 

Test for Bonding Strength of Air-Setting Refrac- 
tory Mortar (Wet Type) (C 198-45 T), sub- 
mitted by Committee C-8 on Refractories, 

Test for Refractoriness of Air-Setting Refractory 
Mortars (Wet Type) (C 199 — 45 T), submitted 
by Committee C-8, 

Test for Thermal Conductivity of Refractories 
(C 201 - 45 T), submitted by Committee C-8, 

Test for Thermal Conductivity of Fireclay Re- 
fractories (C 202 - 45 T), submitted by Com- 
mittee C-8, 

Sampling and Testing Turpentine (D 233- 
44 T), submitted by Committee D-1 on Paint, 
Varnish, Lacquer, and Related Products, 

Testing Veneer, Plywood, and Other Wood and 
Wood-Base Materials (D805-44T), sub- 
mitted by Committee D-7 on Wood, 

Test for Cement Content of Soil-Cement Mix- 
tures (D 806-44T), submitted jointly by 
Committee D-4 on Road and Paving Materials 
and Committee D-18 on Soils for Engineering 
Purposes, 

Field Test for Tendency of Boiler Water to 
Cause Embrittlement Cracking of Steel (D 807 
- 44 T), submitted by Committee D-19 on 
Water for Industrial Uses, 

Test for Chlorine in Lubricating Oils by Bomb 
Method (D 808-44 T), submitted by Com- 
mittee D-2 on Petroleum Products and Lubri- 
cants, 

Chemical Analysis for Phosphorus in Lubricating 
Oils (D 809 —- 44 T) submitted by Commit- 
tee D-2, 
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Chemical Analysis for Lead, Copper, and Iron 
in Lubricating Oils (D 810 - 44 T), submitted 
by Committee D-2, 

Chemical Analysis for Metals in Lubricating Oils 
(D 811 —- 44 T), submitted by Committee D-2, 

Test for Resistance of Vulcanized Rubber or 

Synthetic Elastomers to Crack Growth 

(D 813 - 44 T), submitted by Committee D-11 

on Rubber and Rubber-Like Materials, 

Test for Permeability of Vulcanized Rubber or 
Synthetic Elastomers to Volatile Liquids 
(D 814-44T), submitted by Committee 
D-11, 

Test for Hydrogen Permeability of Rubber- 

Coated Fabrics (D 815-44 T), submitted by 

Committee D-11, 


Testing Rubber Adhesives (D 816-44 T), sub- 
mitted by Committee D-11, 

Chemical Analysis of Soaps Containing Syn- 

thetic Detergents (D 820-45 T), submitted 

by Committee D-12 on Soaps and Other 

Detergents, 

Test for Measuring the Flow Properties of 
Thermoplastic Molding Materials (D 569 - 
44T), submitted by Committee D-20 on 
Plastics, 

"Ss Test for Deformation of Plastics Under Load 
(D 621-44T), submitted by Committee 
D-20, 

Test for Acetyl and Butyry] Content of Cellulose 
Acetate Butyrate (D 817-44 T), submitted 
Committee D-20, 
Tentative Recommended Practice for Molding 
Specimens of Phenolic Material (D796- 
447), submitted by Committee D-20, and 
_ Tentative Industrial Radiographic Terminology 
for Use in Connection with the Radiographic 
Inspection of Castings and Weldments (E 52 - 


45 T), submitted by Committee E-7 on Radio- 
graphic Testing. 


Revisions of the following tentatives 
and tentative revisions of standards were 
accepted by Committee E-10 during the 
year: 


Tentative S pecifications for: 


Seamless Alloy-Steel Pipe for Service at Tem- 
peratures from 750 to 1100 F. (A 158 - 44 T), 
submitted by Committee A-1 on Steel, 

- Carbon-Steel Seamless Drum Forgings (A 266 - 
44 T), submitted by Committee A-1, 
- Tron and Steel Arc-Welding Electrodes (A 233 - 
45 T), submitted by the Joint A.W.S. - 
7 A.S.T.M. Committee on Filler Metal, 

Oxygen-Free Electrolytic Copper Wire Bars, 

Billets, and Cakes (B 170-44T), submitted 
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by Committee B-2 on Non-Ferrous Metals 
and Alloys, 

Cartridge Brass Sheet, Strip, Plate, Bar, and 
Disks (B 19-44T), submitted by Commit- 
tee B-5 on Copper and Copper Alloys, Cast 
and Wrought, 

Brass Sheet and Strip (B 36-44 T), submitted 
by Committee B-5, 

Leaded Brass Sheet and Strip (B 121-447), 
submitted by Committee B-5, 

Gilding Metal Strip (B 130-44T), submitted 
by Committee B-5, 

Aluminum Bronze Sheet and Strip (B 169- 
44 T), submitted by Committee B-5, 

Copper Sheet, Strip, and Plate (B 152 - 44T), 
submitted by Committee B-5, 

Naval Brass Rods, Bars, and Shapes (B 21 - 
44 T), submitted by Committee B-5, 

Copper Rods, Bars, and Shapes (B 133 - 447), 
submitted by Committee B-5, 

Brass Wire (B 134-44 T), submitted by Com- 
mittee B-5, 

Phosphor Bronze Rods, Bars, and Shapes (B 
139-44T), submitted by Committee B-5, 

Aluminum Bronze Rods, Bars, and Shapes (B 
150-44 T), submitted by Committee B-5, 

Copper-Nickel-Zinc Alloy Rod, Bar, and Wire 
(B 151-44 T), submitted by Committee B-5, 

Phosphor Bronze Wire (B159-44T), sub- 
mitted by Committee B-5, 

Copper Bus Bars, Rods, and Shapes (B 187 - 
44 T), submitted by Committee B-5, 

Copper Bus Pipes and Tubes (B 188 -44T), 
submitted by Committee B-5, 

Aluminum-Base Alloys in Ingot Form for Sand 
Castings (B 58-44T), submitted by Com- 
mittee B-7 on Light Metals and Alloys, Cast 
and Wrought, 

Aluminum-Base Alloys in Ingot Form for Per- 
manent Mold Castings (B 112-44T), sub- 
mitted by Committee B-7, 

Aluminum-Base Alloys in Ingot Form for Die 
Castings (B 125-44T), submitted by Com- 
mittee B-7, 

Air-Setting Refractory Mortars (Wet Type) for 
Boiler and Incinerator Services (C 178 - 45 T), 
submitted by Committee C-8 on Refractories, 

Expanded or Exfoliated Vermiculite Thermal 
Insulating Cement (C 196-44 T), submitted 
by Committee C-16 on Thermal Insulating 
Materials, 

Wood to be Used as Panels in Weathering Tests 
of Paints and Varnishes (D 358 - 44 T), sub- 
mitted by Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products, 

Asphalt Roofing Surfaced with Coarse Mineral 
Granules (D 249-44 T), submitted by Com- 
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mittee D-8 on Bituminous Waterproofing and 
Roofing Materials, 

Asphalt Roofing Surfaced with Powdered Talc 
or Mica (D 224-44T), submitted by Com- 
mittee D-8, 

Asphalt Shingles Surfaced with Coarse Mineral 
Granules (D 225 - 44 T), submitted by Com- 
mittee D-8, 

Flexible Treated Cotton and Rayon Sleeving 
Used in Electrical Insulation (D 372 - 44 T), 
submitted by Committee D-9 on Electrical 
Insulating Materials, 

Black Bias-Cut Varnished Cloth Tape Used for 
Electrical Insulation (D373-44T), sub- 
mitted by Committee D-9, 

Laminated Thermosetting Materials (D 709 - 
44T), submitted jointly by Committee D-9 
and Committee D-20 on Plastics, 

Cellular Rubber Products (D 798 —- 44 T), sub- 
mitted by Committee D-11 on Rubber and 
Rubber-Like Materials, 

Vinyl Chloride-Acetate Resin Plastic Sheets 
(D708-44T), submitted by Committee 
D-20 on Plastics, 

Vinyl Chloride-Acetate Resin Molding Com- 
pounds (D 728-44T), submitted by Com- 
mittee D-20, 


Tentative Methods of: 


Test for Thermal Conductivity of Insulating 
Fire Brick (C 182 —- 45 T), submitted by Com- 
mittee C-8 on Refractories, 

Testing Asphalt Roll Roofing, Cap Sheets, and 
Shingles (D 228-44 T), submitted by Com- 
mittee D-8 on Bituminous Waterproofing and 
Roofing Materials, 

Test for Power Factor and Dielectric Constant of 
Electrical Insulating Materials (D 150-44 
T), submitted by Committee D-9 on Electrical 
Insulating Materials, 

Testing Varnished Cloths and Varnished Cloth 
Tapes Used in Electrical Insulation (D 295 - 
44T), submitted by Committee D-9, 

Conditioning and Classifying for Conditioning 
Plastics and Electrical Insulating Materials 
for Testing (D 618 - 44 T), submitted jointly 
by Committee D-9 and Committee D-20 on 
Plastics, 

Test for Heat Distortion Temperature of Plastics 
(D 648 - 44 T), submitted jointly by Commit- 
tee D-9 and Committee D-20, 

Test for Changes in Properties of Rubber and 
Rubber-Like Materials in Liquids (D 471 - 
44T), submitted by Committee D-11 on Rub- 
ber and Rubber-Like Materials, 

Testing Hard Rubber Products (D 530-44 T), 
submitted by Committee D-11, 


Testing Automotive Hydraulic Brake Hose 
(D 571-44T), submitted by Committee 
D 11, 

Testing Cellular Rubber Products (D 552- 
44T), submitted by Committee D-11, 

Test for Indentation of Rubber by Means of the 
Durometer (D676-44T), submitted by 
Committee D-11, 

Test for Resistance of Plastics to Accelerated 
Service Conditions (D 756 - 44 T), submitted 
by Committee D-20 on Plastics, 

Test for Colorfastness of Plastics to Light (D 
620-45 T), submitted by Committee D-20, 

Tentative Recommended Practice for Boiling 
Nitric Acid Test for Corrosion-Resisting 
Steels (A 262 - 44 T), submitted by Commit- 
tee A-10 on Iron-Chromium, Iron-Chromium- 
Nickel and Related Alloys, 

Tentative Classification of Insulating Back-Up 
Block and Insulating Fire Brick (C 155- 
45 T), submitted by Committee C-8 on Re- 
fractories, 

Tentative Definitions of Terms Relating to 
Soaps and Other Detergents (D 459 - 45 T), 
submitted by Committee D-12 on Soaps and 
Other Detergents, 


Tentative Revisions of Standard Specifications for: 


Electric-Fusion-Welded Steel Pipe (Sizes 8 in. 
to but not Including 30in.) (A 139-42), 
submitted by Committee A-1 on Steel, 

Steel for Bridges and Buildings (A 7 - 42), sub- 
mitted by Committee A-1, 

Mild Steel Plates (A 10-39), submitted by 
Committee A-1, 

Low Tensile Strength Carbon-Steel Plates of 
Structural Quality for Welding (A 78-43), 
submitted by Committee A-1, 

Low-Alloy Structural Steel (A 242-42), sub- 
mitted by Committee A-1, 

Carbon-Steel Forgings for General Industrial 
Use (A 235-42), submitted by Committee 
A-1, 

Carbon-Steel Forgings for Locomotives and 
Cars (A 236-42), submitted by Committee 
A-1, 

Alloy-Steel Forgings for Genera] Industrial Use 
(A 237 - 42), submitted by Committee A-1, 

Alloy-Steel Forgings for Locomotives and Cars 
(A 238-42), submitted by Committee A-1, 

Carbon-Steel and Alloy-Steel Ring and Disk 
Forgings (A 243-43), submitted by Com- 
mittee A-1, 

Commercial Quality Hot-Rolled Bar Steels 
(A 107 - 42), submitted by Committee A-1, 

Commercial Cold-Finished Bar Steels and Cold- 
Finished Shafting (A 108-36), submitted 
by Committee A-1, 
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Wrought Iron Plates (A 42-39), submitted 
by Committee A-2 on Wrought Iron, 

Manganese Bronze Rods, Bars, and Shapes 
(B 138 — 43), submitted by Committee B-5 on 
Copper and Copper Alloys, Cast and Wrought, 

Leaded Red Brass (Hardware Bronze) Rods, 
Bars, and Shapes (B 140 - 43), submitted by 
Committee B-5, 

Zinc Sulfide Pigments (D 477 - 41), submitted 
by Committee D-1 on Paint, Varnish, Lac- 
quer, and Related Products, 


Tentative Revisions of Standard Methods of: 


Test for Magnetic Properties of Iron and Steel 
(A 34-44), submitted by Committee A-6 on 
Magnetic Properties, 

Testing Flexible Varnished Tubing Used for 
Electrical Insulation (D 350-43), submitted 
by Committee D-9 on Electrical Insulating 
Materials, 

Testing Sheet and Plate Materials Used in 
Electrical Insulation (D 229-43), submitted 
by Committee D-9, 

Test for Accelerated Aging of Vulcanized Rubber 
by the Oven Method (D 573 - 42), submitted 
by Committee D-11 on Rubber and Rubber- 
Like Materials, 

Sampling and Chemical Analysis of Soaps and 

- Soap Products (D 460-44), submitted by 

| Committe D-12 on Soaps and Other Deter- 
gents, and 

Standard Definitions of Terms Relating to Re- 
fractories (C 71-42), submitted by Com- 
mittee C-8 on Refractories. 


The withdrawal of the following stand- 
ards and tentative specifications was 
approved by Committee E-10: 


Tentative Specifications for Carbon-Steel and 
Alloy-Steel Blooms, Billets, and Slabs for 
Forgings (A 248-417), recommended by 
Committee A-1 on Sted, =” 


Standard Specifications for: 


Lightweight and Thin-Sectioned Gray Iron 
Castings (A 190 - 40), recommended by Com- 
mittee A-3 on Cast Iron, 

Clay Sewer Pipe (C 13-40), recommended by 
Committee C-4 on Clay Pipe, 

Wood to be Used as Panels in Weather Tests of 
Paints and Varnishes (D 358-38), recom- 
mended by Committee D-1 on Paint, Varnish, 
Lacquer, and Related Products, 


Standard Methods of: 


Sampling and Testing Turpentine (D 233 - 36), 
recommended by Committee D-1, 

Test for Measuring Flow Temperatures of 
Thermoplastic Molding Materials (D 569 - 

_ 43), recommended by Committee D-20 on 
Plastics, and 
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TABLE I.—ACTIONS UNDER EMERGENCY 


Designation 


EA - A 213a 


EA - A 249a 


EA -A 70a 


EA -A la 
EA - B 23b 


EA - B 62b 
EA - D 69b 


EA-E1 


EA - A 274 


EA - A 158a 


EA - A 268 


EA - A 269 


- A 270 


EA -A 271 


EA - B 32b 
EA - B 22b 


EA - B 143b 


EA - B 144b 
EA - B 145b 


EA - B 146b 


EA-D 224b | 


EA - D 249b 


EA - D 754 


EA - D 755 


EA - D 574b | 


EA -D 97 
EA - D 470 


PROCEDURE. 


Sener Alternate Provisions 
in 


Standard for: | 
Seamless Alloy-Steel Boiler and 
Superheater Tubes (A 213 - 44) 
Atomic-Hydrogen-Arc-Welded 
and Electric-Resistance- 
Welded Alloy-Steel Boiler and 
Superheater Tubes (A 249 - 44) 
Carbon-Steel Plates for Sta- 
tionary Boilers and Other 
Pressure Vessels (A 70 - 44) 


Open-Hearth Carbon-Steel Rails 


(A 1 - 39) 
White Metal Bearing ‘Alloys 
(Known Commercially as 


“Babbitt Metal’’) (B 23-26). 
Composition Brass or Ounce 
| Metal Castings (B 62 - 44) 
Friction Tape for General Use 
| for Electrical Purposes (D 69 - 


38) : 

A.S.T.M. Thermometers (E 1 - 

Tentative Specifications for: 

Alloy-Steel Blooms, Billets, and 
Slabs for Forgings (A 274 - 
44 T).. 

Seamless Alloy- Steel Pipe for 

| Service at Temperatures from 

| 750 to 1100 F. (A 158-44 T).. 

Seamless and Welded Ferritic 
Stainless Steel Tubing for 


Seamless and Welded Austenitic 
Stainless Steel Tubing for 


Seamless and Welded Austenitic 
Stainless Steel Tubing for the 
Dairy and Food Industry 
(A 270 - 44 T) 


Seamless Austenitic Chromium- 
Nickel Steel Still Tubes for 
Refinery Service (A 271 - 44 T) 


Soft Solder Metal (B 32 - 40 T) 

Bronze Castings for Turntables 
and Movable Bridges and for 
Bearing and Expansion Plates 
of Fixed Bridges (B 22 - 44 T) 

Tin-Bronze and Leaded Tin- 
ta Sand Castings (B 143 - 


Hich- Leaded Tin-Bronze Sand 
Castings (B 144 - 44 T) 

Loses Red Brass and Leaded 
Semi Red Brass Sand Castings 

| (B 145 - 44 T) 

Leaded Yellow Brass Sand Cast- 
ings for General Purposes (B 
146 - 44 T) 

Asphalt Roofing Surfaced with 
aa Tale or Mica (D 224 


Asphalt Surfaced with 
Coarse Mineral Granules 
(D 249 ~- 44 T) 

Insulated Wire and Cable: Heat- 
Resisting Synthetic Rubber 
Compound (D 754 -- 43 T).. 

Insulated Wire and Cakle: Per- 
formance Synthetic Rubber 
Compound (D 755 - 44 T) 

Insulated Wire and Cable: 
Ozone-Resistant Type Insu- 
lation (D 574 — 40 T) : 

Standard Method of: 

Test for Cloud and Pour Points 
(D 97 - 39). 

Testing Rubber Insulated Wi ire 
and Cable (D 470 -41)......- 


General Service (A 268 - 44 T) 


General Service (A 269-44 T) A- 
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mittee 


A-l 


T 


EA 


EA 


EA 


EA 
EA 


EA 


= 
é 
A 
= 
m 
p! 
di 
po 
= 
I 
B-2 P 
D-11 
De 
EA 
EJ 
EA 
A-1 & 
4-10 EA 
EA 
& 
4-10 
& 
| 
= 
EA 
| 
| FA 
EA 
EA 
EA 
EA 
D-11 


Test for Deformation of Plastics Under Load 
at Elevated Temperatures (D 621-43), 
recommended by Committee D-20. 


ACTIONS UNDER EMERGENCY PROCEDURE 


Emergency Alternate Provisions.—As a 
matter of record, the emergency alternate 
provisions accepted by Committee E-10 
during the year are listed in the accom- 
panying Table I. 

The following emergency alternate 
provisions were withdrawn during the 


Committee 


Emergency Alternate 
Provisions in 


Tentative Specifications for: 


Designation 


EA - A 204 
EA - A 203 
EA - A 67 
EA- A 241 
EA- A 30 
EA- A 201 


EA - A 202 


EA-A 212 


EA- 190 


EA-A 116 


EA-A 121 
EA- A 240a 


EA-B8 


EA - B 100 


EA - B 103 


EA - B 60a 


EA-B 85a 
EA - B 86b 
EA - D 533 


Standard S pecifications for: 


Molybdenum-Steel Plates for 
Boilers and Other Pressure 
Vessels (A 204 - 42) 

Low-Carbon Nickel-Steel Plates 
for Boilers and Other Pressure 
Vessels (A 203 - 42) : 

Steel Tie Plates (A 67 — 33) 

Hot-Worked High-Carbon Steel 
Tie Plates (A 241 - 41) . 

Boiler and Firebox Steel for 
Locomotives (A 30 -42).. 

Carbon-Silicon Steel Plates of 
Ordinary Tensile Ranges for 
Fusion-Welded Boilers and 
= Pressure Vessels (A 201 - 


Chrome - Mang: anese - Silicon 
(CMS) Allo: Steel Plates for 
Boilers and Other Pressure 
Vessels (A 202 - 39) 

High Tensile Strength Carbon- 
Silicon Steel Plates for Boilers 
and Other Pressure Vessels 
(Plates 44 in. and Under in 
Thickness) (A 212 - 39)... 

Lightweight and Thin-Sectioned 
Castings (A 190- 
40 

Zinc-Coated (Galvanized) Iron 
or Steel Farm-Field and Rail- 
road Right-of-Way Wire Fenc- 
ing (A 116 - 39) 

Zinc-Coated (Galvanized) Iron or 
Steel Barbed Wire (A 121 - 39) 

Corrosion-Resisting, Chromium 
and Chromium-Nickel Steel 
Plate, Sheet, and Strip, for 
Fusion-Welded Unfired Pres- 
sure Vessels (A 240 - 43) 

Concentric-Lay Stranded Copper 
Conductors, Hard, Medium- 
Hard or Soft (B8— 41) 

Rolled Copper-Alloy Bearing and 
Expansion Plates for Bridge 
and Other Structural Uses 
(B 100 - 43) 

Phosphor Bronze Sheet and Strip 
(B 103 - 43)... a 

Castings of the Alloy: Cc ‘opper 88 
per cent, Tin 8 per cent, Zinc 4 
per cent (B 60 - 41) 

Aluminum-Base Alloy Die Cast- 
ings (B 85 - 42). 

Zinc-Base Alloy Die Castings 
(B 86 - 43) 

Powdered 533 - 


EA - B19 Cartridge Brass Sheet, Strip, and 

- 
EA - B 36 Brass Sheet and Strip (B 36 - 

EA - B 30 Copper-Base Alloys” in Ingot 

F —_ for Sand Castings (B 30 - 

42 T). B-5 
EA-B121 Leaded Brass Sheet and ‘Strip 

(B 121 - 43 T) B-5 
EA-B124  Copper-Base Alloy Forging Rods, 

Bars, and Shapes (B 124 - 

42 T) B-5 
EA-B129 Cartridge Brass ‘artridge Case 

Cups (B 129 - 43 T) B-5 
EA-B 130 Gilding Metal Sheet and Strip 

(B 130 - 43 T) B-5 
EA - B 131 — Metal Bullet Jacket Cups 

(B 131 - 43 T) B-5 
EA-B 133 Copper Rods, Bars, and 

(B 133 - 42 T) B-5 
EA - B 134 Brass Wire (B 134 - 42 T). B-5 
EA -B 139 Phosphor Bronze Rods, Bars, and 

Shapes (B 139 - 42 T) B-5 
EA-B 151 Copper-Nickel-Zinc Alloy Rod 

and Wire (B 151-42 T).. B-5 
EA-B152 Copper Sheet, Strip, and Plate 

(B 152 - 41 T) B-5 
EA - B 159 — Bronze Wire (B 159 - ae 
EA - B 169 pieeieain Bronze Sheet and 

Strip (B 169 - 42 T) B-5 
EA-D 225 Asphalt Shingles Surfaced with 

Coarse Mineral Granules (D 

Tentative Methods of: 

EA-D 228 Testing Asphalt Roll 

Cap Sheets, and een ( 


Emergency Standards.—Three emer- 
gency standards have been accepted by 
Committee E-10 during the year as 


follows: 


Communication and Signal Pin-Type Lime- 
Glass Insulators (ES-41), submitted by 
Committee D-9 on Electrical Insulating 
Materials, 


Emergency Specifications for: 


Emergency Methods of: 


Test for Isopentane and Benzene Insolubles in 
Used Lubricating Oils (ES-—42), submitted 
by Committee D-2 on Petroleum Products 
and Lubricants, and 

Air-Ignition Test for Determination of Sulfated 
Residue from Lubricating Oils (ES -— 43), 
submitted by Committee D-2. 


The following two emergency methods 
which had been approved and issued on 
a restricted basis in 1943 have been 
released for general publication during 
the past year and appear in the 1944 
Book of A.S.T.M. Standards, Part III: 


401 
-1 
\-1 
\-1 
) -1 
\-1 
& 
0 \-1 
& 
0 
\-1 
| \-3 
\-10 
3-1 
B-5 
B-5 
B-6 
B-6 
D-12 
2 
ip 


Emergency Methods of: 


Test for Olefins, Aromatics, Paraffins, and 
Naphthenes in Aviation Gasoline (Without 
Distillation into Fractions) (ES- 45), sub- 
mitted by Committee D-2 on Petroleum Prod- 
ucts and Lubricants, and 

Test for Benzene, Toluene, and Higher-Boiling 
Aromatics in Aviation Gasoline (ES — 46) 
submitted by Committee D-2. 


Revisions in the Emergency Specifica- 
tions for Carbon-Steel Forgings for Rings 
for Main Reduction Gears (ES — 23a), 
submitted by Committee A-1 on Steel, 
were accepted by Committee E-10 during 
the year. 

As indicated earlier in the report, a 
number of emergency standards have 
been changed in status and issued as 
tentative during the year. As a matter 
of record, there is given below a list of 
emergency standards that have been 
discontinued as such and issued as tenta- 
tive: 


Emergency Specifications for: 


Lead-Coated and Lead-Alloy-Coated Copper 
Wire for Electrical Purposes (ES—1a) [re- 

placed by Tentative Specifications B 189 - 
44T], recommended by Committee B-1 on 
Copper and Copper Alloy Wires for Electrical 
Conductors, 

Lead Coating (Hot-Dip) on Iron or Steel Hard- 
ware (ES—2) [replaced by Tentative Speci- 
fications A 267-44TI, recommended by 
Committee A-5 on Corrosion of Iron and 
Steel, 

85 per cent Magnesia Thermal Insulating Ce- 
ment (ES —8) [replaced by Tentative Speci- 
fications C193-44T], recommended by 
Committee C-16 on Thermal Insulating 
Materials, 

Long-Fiber Asbestos Thermal Insulating Ce- 
ment (ES -9) [replaced by Tentative Speci- 
fications C194-44T], recommended by 
Committee C-16, 

Mineral Wool Thermal Insulating Cement 
(ES-10) [replaced by Tentative Specifica- 
tions C 195-447], recommended by Com- 


lating Cement (ES - 11) [replaced by Tenta- 

tive Specifications C 196-44 T], 

mended by Committee C-16, 
Diatomaceous Silica Thermal Insulating Ce- 


recom- 


mittee C-16, 
_ Expanded or Exfoliated Mica Thermal Insu- 


ment, for Use from 600 to 1200 F. (ES - 12) 
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[replaced by Tentative Specifications C 197 - 
44T], recommended by Committee C-16, 
Diatomaceous Silica Thermal Insulating Ce- 
ment, for Use from 1200 to 1900 F. (ES - 13) 
{replaced by Tentative Specifications C 197 - 
44 T], recommended by Committee C-16, 
Malleable Iron Flanges, Pipe Fittings, and Valve 
Parts (ES-20) [replaced by Tentative 
Specifications A 277-44T], recommended 
by Committee A-7 on Malleable Iron Castings, 


Emergency Methods of: 

Conducting Salt Spray Tests on Organic Pro- 
tective Coatings (ES - 3) [replaced by Tenta- 
tive Method B 117 - 44 T|, recommended by 
Committee D-1 on Paint, Varnish, Lacquer, 
and Related Products, 

Test for Chlorine in Lubricating Oils by Bomb 
Method (ES-36) [replaced by Tentative 
Method D808-44T], recommended by 
Committee D-2 on Petroleum Products and 
Lubricants, 

Test for Phosphorus in Lubricating Oils (ES- 
37) [replaced by Tentative Method D 809- 
44 T], recommended by Committee D-2, 

Test for Lead, Copper, and Iron in Lubricating 
Oils (ES — 38) [replaced by Tentative Method 
D 810-44 T], recommended by Committee 
D-2, and 

Test for Metals in Lubricating Oil (ES — 39) 
[replaced by Tentative Method D 811 44 T], 
recommended by Committee D-2. 


Action was also taken to withdraw the 
Emergency Alternate Specifications for 
Portland Cement (EA-—C 150), as 
recommended by Committee C-1 on 
Cement, inasmuch as Limitation Order 
L-179 of the War Production Board had 
been rescinded. 


RELATIONS WITH THE AMERICAN 
STANDARDS ASSOCIATION 


Revised Standards Submitted Under 
Proprietary Procedure-—The Society has 
been granted proprietary sponsorship 
for the revision of A.S.T.M. standards 
approved as American Standard under 
the existing standards procedure and, 
functioning as proprietary sponsor, has 
submitted to the American Standards 
Association during the year revisions of 
the following standards, all of which 
have been approved: 
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Standard Specifications for: 


Carbon-Steel Castings for Miscellaneous In- 
dustrial Uses (ASTM A 27-44; ASA G50.1- 
1945), 

Carbon-Steel Plates for Stationary Boilers and 
Other Pressure Vessels (A 70-44; G29.1- 
1945), 

Carbon-Steel Castings for Valves, Flanges, and 
Fittings for High-Temperature Service (A 95 - 
44; G17.1-1944), 

Alloy-Steel Bolting Material for High-Tempera- 
ture Service (A 96-44; G17.2-1944), 

Alloy-Steel Castings for Structural Purposes 
(A 148-44; G52.1-1944), 

Alloy-Steel Castings for Valves, Flanges, and 
Fittings for Service at Temperatures from 
750 to 1100 F. (A 157-44; G36.1-1944), 

Forged or Rolled Alloy-Steel Pipe Flanges, 
Forged Fittings, and Valves and Parts for 
Service at Temperatures from 750 to 1100 F. 
(A 182 —- 44; G37.1-1944), 

Carbon-Silicon Steel Plates of Ordinary Ten- 
sile Ranges for Fusion-Welded Boilers and 
Other Pressure Vessels (A 201-44; G31.1- 
1945), 

Chrome-Manganese-Silicon (CMS) Alloy-Steel 
Plates for Boilers and Other Pressure Vessels 
(A 202 - 44; G32.1-1945), 

Low-Carbon Nickel-Steel Plates for Boilers and 
Other Pressure Vessels (A 203-44; G33.1- 
1945), 

Molybdenum-Steel Plates for Boilers and Other 
Pressure Vessels (A 204-44; G34.1-1945), 

High Tensile Strength Carbon-Silicon Steel 
Plates for Boilers and Other Pressure Vessels 
(Plates 4$in. and Under in Thickness) 

A 212-44; G35.1-1945), 

Carbon-Steel Castings Suitable for Fusion Weld- 
ing for Miscellaneous Industrial Uses (A 215 - 
44; G51.1-1944), 

Free-Cutting Brass Rod and Bar for Use in 
Screw Machines (B 16-44; H8.1-1944), 

Hollow Load-Bearing Concrete Masonry Units 
(C 90 - 44; A79.1-1944), 

Zinc Oxide (D 79-44; K22.1-1944), 

Basic Sulfate White Lead (D 82-44; K47. .1- 
1945), 


Standard Methods of: = 

Sampling and Testing Brick (C 67 - 44; A82.1- 
1944), 

Chemical Analysis of Dry Red Lead (D 49- 


4; K16.1-1944), and 
Testing Wool Felt (D 461 - 44; L16.1-1945). 


Standards Submitted Under Sectional 
Committee Procedure—Reports were re- 


ceived from four of the sectional com- 
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mittees for which the Society is sponsor 
or joint sponsor, submitting standards 
to the ASA for approval. These reports 
were transmitted to that association and 
the following standards have been ap- 
proved for the first time or reapproved Y 
in revised form during the year as 
American Standard: 


On the Recommendation of Sectional Committee — 
A37 on Road and Paving Materials: 


Standard Methods of Test for: 


Abrasion of Coarse Aggregate by Use of the Los 
Angeles Machine (ASTM C 131-44; ASA 
A37.7-1945), and 


Ductility of Bituminous Materials (D 113 - 44; : 
A37.11-1945). 


B36 on Standardization of Dimensions and Mate- 
rials of Wrought-Iron and Wrought-Steel Pipe 
and Tubing: 


Standard Specifications for: 


Welded and Seamless Steel Pipe (ASTM A 53 - | 
44; ASA B36.1-1945), 

Electric-Resistance-Welded Steel and Open-— 
Hearth Iron Boiler Tubes (A 178-44; _ 
B36.13-1945), 

Lap-Welded and Seamless Steel and Lap- — 
Welded Iron Boiler Tubes (A 83 - 44; B36.12- 
1945), 


On the Recommendation of Sectional Committee 


Electric-Resistance-Welded Steel Pipe (A 
44; B36.5-1945), 


Seamless Steel Boiler Tubes for High-Pressure 
Service (A 192 — 44; B36.14-1945), 

Medium-Carbon Seamless Steel Boiler and 
Superheater Tubes (A 210-44; B36.15-_ 
1945). 

Spiral-Welded Steel or Iron Pipe (A 211-44; 
B36.16-1945), 

Seamless Alloy-Steel Boiler and Superheater 
Tubes (A 213 — 44; B36.17-1945), and 

Electric-Resistance- Welded Steel Boiler and 
Superheater Tubes for High-Pressure Service 
(A 226 —- 44; B36.18-1945), 


On the Recommendation of Sectional Committee 
G8 on Specifications for Zinc Coating of Iron 
and Steel: 


Specifications for Black and Hot-Dipped Zinc- 
Coated (Galvanized) Welded and Seamless 
Steel Pipe for Ordinary Uses (ASTM A 120- 
44; ASA G8.7-1945). 


On the Recommendation of Sectional Committee 
Z11 on Petroleum Products and Lubricants: 
Standards Methods of: 
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Test for Viscosity by Means of the Saybolt 
Viscosimeter (ASTM D 88 - 44; ASA Z11.2- 
1944), 

Test for Saponification Number of Petroleum 
Products by Color-Indicator Titration (D 94 - 
44; Z11.20-1944), 

Test for Sulfur in Petroleum Oils by Bomb 
Method (D 129-44; Z11.13-1944), 

Test for Knock Characteristics of Motor Fuels 
(D 357 - 44; Z11.37-1944), 

Test for Gum Content of Gasoline (D 381 - 44; 
Z11.36-1944), 

Conversion of Kinematic Viscosity to Saybolt 
Furol Viscosity (D 666-44; Z11.53-1944), 
and 

Test for Oil Content of Paraffin Wax (D 721 - 
44; Z11.52-1944). 


On the recommendation of Sectional 
Committee B36 on Standardization of 
Dimensions and Materials of Wrought- 
Iron and Wrought-Steel Pipe and Tub- 
ing, approval as American Standard of 
the obsolete Specifications for Forge- 
Welded Steel Pipe (A 136-34; B36.6- 
1935) and for Riveted Steel and 
Wrought-Iron Pipe (A 138 — 34; B36.8- 
1935) was withdrawn by the ASA. 

In accordance with ASA procedure, the 
association has, on the recommendation 
of the Society, reaffirmed a number of 


A.S.T.M. standards which had been 


approved as American Standard and 
have stood four years or more without 
revision. 


_ UNITED NATIONS STANDARDS 


COORDINATING COMMITTEE 


The United Nations Standards Co- 
ordinating Committee was organized to 
promote the maximum possible coordina- 
tion and unification of standards neces- 
sary for the war effort and the immediate 
post-war period. The membership of 
the UNSCC includes the national stand- 
ardizing bodies of Australia, Brazil, 
Canada, China, Great Britain, New 
Zealand, South Africa, and the United 
States. The United States is repre- 
sented through the American Standards 
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Association. The national standardizing 
agencies of Russia and Mexico are con- 
sidering membership in the UNSCC. 

Suggestions have already been re- 
ceived from the various countries hold- 
ing membership on the committee that 
consideration be given to holding dis- 
cussions on an international level on the 
following subjects, the initiation of such 
discussions being contingent upon in- 
terest being expressed by at least two of 
the countries represented on _ the 
UNSCC: 

(1) Unification of national terms and 
definitions for heat treatment of steel— 
suggested by the British Standards 
Institution: The Society has been asked 
by the ASA to develop the American 
viewpoint as to whether this country 
would wish to have discussions on an 
international level with respect to defini- 
tions of terms in this field. A canvass is 
being conducted and a number of favor- 
able replies have been received together 
with the suggestion that the discussions 
be extended to include heat treatment 
terms of metals rather than confining 
them to steel. 

(2) Standardization of grades of shel- 
lac and methods of testing—suggested 
by the British Standards Institution: 
The Society was asked to develop the 
American viewpoint as to whether this 
country would wish to participate in 
discussions with respect to grading and 
testing of shellac. Based upon a favor- 
able canvass, it is expected that a com- 
mittee will shortly be appointed under 
the supervision of the A.S.T.M. to de- 
velop recommendations to be presented 
for international consideration. 

(3) International agreement on meth- 
ods of expressing moisture content of 
wool knitting yarns—suggested by the 
Standards Association of Australia: A 
conference of American wool interests, 
at which A.S.T.M. was represented by 
Fred Noechel, was held in New York, 
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© 
N. Y., on May 9, 1945, under the 
auspices of the ASA. Interest was 
shown in this project, and a statement 
is being prepared setting forth the 
practices in this country. 

(4) An international definition of the 
term “rayon”—suggested by the New 
York Board of Trade: In the United 
States, the term “rayon” is limited to 
textile fiber or yarn produced chemically 
from cellulose or with a cellulose base. 
In England the term is not so limited. 
The ASA Advisory Committee on Ul- 
timate Consumer Goods to whom the 
subject had been referred for advice is 
recommending that the definition be 
discussed internationally. 

(5) Unification of the methods of 
testing textiles used in different coun- 
tries—suggested by the National Bureau 
of Standards: At a recent meeting of the 
Sectional Committee on Fastness of 
Colored Textiles (ASA Project L14) it 
was decided to recommend that such 
international discussions be initiated. 
The question as to what methods in use 
in this country should serve as the basis 
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for these international discussions was 
referred to a special committee under 
the chairmanship of W. D. Appel, on 
which A.S.T.M. is represented by J. 
Robert Bonnar. 

(6) Standardization of terms used in 
the plastic industry—suggested by the 
British Standards Institution: At a re- 
cent meeting of the American Advisory 
Committee on UNSCC, this matter was 
laid on the table at least until further 
information is obtained from the London 
office from which the proposal emanated. 

Committee E-10 will give considera- 
tion to proposals relating to partici- 
pation by A.S.T.M. in standardization 
projects of the UNSCC and will present 
periodic reports to the Executive Com- 
mittee of the Society on the develop-— 
ments in such projects. 


Respectfully submitted on behalf of 
the committee, 


We) 


H. S. VASSAR, 
Chairman. 


R. E. Hess, 
Ex-officio Secretary. 
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FRACTURE TESTING OF ALLOY STEELS FOR AIRCRAFT ENGINE 


FORGINGS 


By R. D. Hawortn, Jr.! AND A. F. 


SYNOPSIS 


years among the manufacturers of highly stressed aircraft engine parts. The 
appearance of large grains or ‘‘facets” on the fractured surface of fully heat- 
treated forgings was generally considered indicative of overheating during the 
forging operation. However, it has been clearly demonstrated that this 
condition can be produced in certain heats of steel at normal forging tempera- 
tures. Other factors equally as influential as heat sensitivity are: (1) the 
time at temperature, and (2) the amount of reduction during the forging 
operation. 

While a small amount of grain coarsening has no harmful effect on physical 
properties, a larger amount decreases toughness, and hence the condition 
should be eliminated from aircraft engine members as far as possible. The 
fracture test was proposed and adopted as the most satisfactory and sensitive 
means of accomplishing this end. 

In conjunction with careful material acceptance testing and accurate hard- 
ness surveys, the fracture test can be used to replace the conventional tension 
and impact tests with equal reliability and considerable saving in material, 
time, effort, and expense. 

In this report, photographs of fractures after various heat treatments are 
shown and a complete set of fracture test standards are presented. Operation 
of the test in production is described as well as the results which have already 


been achieved. 


The occasional presence of large gray- 
ish grains or “facets” against the nor- 
mally entirely fibrous fracture of fully 
heat-treated alloy steel has caused con- 
siderable concern among aircraft engine 
manufacturers in recent years. The 
condition was at first associated with 
overheating (the use of excessively high 
temperatures during the forging opera- 
tion) because it could be most readily 
reproduced experimentally by heating 


_'Metallurgist and Chief Metallurgist, respectively, 
Wyman-Gordon Co., Ingalls-Shepard Div., Harvey, Ill. 


An unusual condition of alloy-steel forgings, shown by fracture examination 
and termed “‘grain coarsening,” has attracted considerable interest in recent 


A study of the present state of knowledge concerning the 
cause and mechanism of grain coarsening is also submitted. 
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the steel above the maximum recom- 
mended forging temperatures. How- 
ever, as later discovered after the estab- 
lishment of exacting temperature control 
in uniformly heated furnaces, the same 
condition may be produced at normal 
forging temperatures on certain heats of 
steel, particularly if delay time is 


necessitated in the forge furnace for 
hammer repairs. The condition, there- 


‘fore, is a function of four variables: the 


susceptibility of the steel, the forging 
temperature, the time at temperature, 


| 


4 


heating. Since the term “overheating” 
does of poor forging practice, its use will 
be restricted in this discussion to the 
_very bad fractures which can be produced 


; has an unsavory flavor bespeaking as it 


only by heating to excessive tempera- 


tures. For less severe fractures, prin- 
cipally typical of those which can and 
have been produced at normal forging 
temperatures, the abnormal fracture 


condition will be referred to as “grain 
coarsening”’ (or simply as “‘coarsening”’). 
The origin of this expression stems from 
the belief that the facets are “‘ghosts”’ of 
the coarse grains which existed at the 
forging temperature. Normal forging 
temperatures are established as low as 


4 possible consistent with an adequate rate 


of production and upkeep of hammer 
equipment. 

Apprehension regarding the unusual 
fracture appearance arose because of the 
known adverse effect of severe overheat- 


ing on toughness and ductility which in 


the past has contributed to premature 
failures in service. ‘Tensile strength and 
yield strength are unaffected even by 
severe overheating, but ductility suffers 
a gradual decline as the extent of grain 
coarsening increases. These observa- 
tions led to consideration of the fracture 
test as a useful metallurgical test to 
eliminate steel with the type of fracture 
correlative to borderline or sub-standard 
physical properties. The fracture test 
can be made to cover a larger area of the 
forging than the standard physical tests 
and hence can be a more representative 
and comprehensive test. 

The fracture test is an old, useful, and 
well-known test on steel for the purpose 
of detecting internal defects (such as 
flakes, bursts, pipe, and heavy non- 


- metallic inclusions or segregation) and 


for determining fracture grain size and 
hardness penetration.*”. However, no ref- 


2 A.S.M. Handbook, ‘Physical Testing of Tool Steels,” 
Am. Soc. Metals, 1939 Edition, pp. 652-654. 
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F and the amount of mechanical work after 


erences to grain coarsening obtained at 
normal forging temperatures have been 
noted in the literature although the com- 
pletely coarsened fracture appearance of 
steel which has been severely overheated 
is undoubtedly well known. Jominy? 
investigated the maximum temperatures 
to which various carbon and low-alloy 
steels can be heated without burning or 
permanently damaging the normal physi- 
cal properties of the material after sub- 
sequent heat treatment. He shows 
coarse grains in some of his tensile speci- 
mens but only on those which have been 
heated to temperatures far in excess of 
the maximum recommended forging 
temperatures. 

The usefulness of the fracture test is 
not confined to the detection of grain 
coarsening alone. On thorough harden- 
ing steels, such as S.A.E. 4340, which are 
fully heat treated to final hardness before 
rough machining, the fracture appear- 
ance will indicate whether the parts have 
been correctly heat treated. When cor- 
related with careful material acceptance 
testing and accurate Brinell hardness 
surveys (which bear a fixed relationship 
to tensile strength up to a hardness of 
approximately 450 Brinell), the test is 
as reliable as the standard tension and 
impact tests and can be used to replace 
these tests. The expense of machining 
test specimens is eliminated and since 
smaller test prolongations can be used 
than for the conventional tests, an im- 
portant saving in alloy steel is effected. 

As the fracture test is made and inter- 
preted directly on the forgings, another 
important advantage over the standard 
tests is achieved; that is, serial numbering 
of the corresponding test specimens and 
forgings is unnecessary. A simple tem- 
porary numbering system is used for the 
relatively few questionable fractures held 
out on the production line for laboratory 


3 W. E. Jominy, “A Study of Burning and Overheating 
of Steel—Parts I, II, and III,” Transactions, Am. 50- 
Metals, Vol. 16, pp. 298-313, 372-392, 893-936 (1929). 
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review. Sorting and selection of forg- 
ings according to serial numbers prior to 
shipping is avoided as well as voluminous 
quantities of paper work both for 
the vendor and engine manufacturer; 
the only records necessary are the steel 
heat numbers and chemistry plus certifi- 
cation to the correct Brinell hardness 
range and satisfactory fracture appear- 
ance. 

On forgings which are heat treated for 
maximum machinability, that is, cycle 
annealed, normalized, or normalized and 
drawn, the fracture test on the rough 
forging serves only to eliminate grain 
coarsened material as it obviously can- 
not serve as an indicator of the quality 
of the final heat treatment of the steel. 
To be fully reliable for the purpose of 
eliminating coarsened steel, the fracture 
test must be made on material in the 
quenched-and-drawn condition. ‘To sat- 
isfy this requirement, a method of locally 
hardening and drawing the test speci- 
mens directly on the forging was de- 
veloped and will be described in detail. 
A series of fracture photographs will be 
described in the following section to 
demonstrate the importance of fracture 
testing steel in the quenched-and-drawn 
state. These fractures were all broken 
transversely to the direction of grain 
flow as the transverse fracture is con- 
siderably more sensitive for the detection 
of grain coarsening than the longitudinal 
fracture (see Section titled “Further 
Testing’). 


FRACTURE APPEARANCE VERSUS HEAT 
TREATMENT 


In order to evaluate properly prior 
forging and heat treating operations, the 
fracture test should be conducted on fully 
heat-treated material. In this state, the 
normal transverse fracture has a charac- 
teristic fibrous appearance as shown in 
Fig. 1(a). Grain coarsening produced by 
certain forge heating and forging condi- 


yore 


tions is revealed by the presence of flat — 


grayish facets against the fibrous back- 
ground as in Figs. 2(a), 3(a), 4(a), and 
5(a). Severe overheating produces three 
dimensional (euhedral) facets that 
largely exclude the fibrous fracture as in 
Fig. 6(a). 

The normal fracture on thorough hard- 
ening steels in any other state but 
quenched and drawn, such as as-forged, 
normalized, normalized and drawn, or 
cycle annealed is partly or entirely 
crystalline. Poorly or incompletely 
hardened steels will also show a partly 
crystalline fracture. The appearance of 
the crystalline fracture is relatively un- 
affected by the degree of coarsening 
present so that even badly overheated 
steel will be partially, if not entirely, 
disguised. 

All fractures shown in this article, in- 
cluding fracture standards, were made 
on S.A.E. 4340 steel (A.M.S. 6415). 
However, the fracture standards and 
most of the discussion on fractures are 
generally applicable to other alloy steels 
such as S.A.E. 2515 (A.M.S. 6242) and 
S.A.E. 3312 (A.M.S. 6250) as well as 
even plain carbon steels when the section 
size is small enough to harden to the 
necessary degree. 

As-Forged and As-Heated Fractures: 

The characteristic fracture appearance 
of normally heated and forged S.A.E. 
4340 steel is shown in Fig. 7(a) and the 
corresponding heat-treated fracture in 
lig. 7(6). The as-forged fracture is 
finely crystalline and the heat-treated 
fracture entirely fibrous and free from 
any traces of grain coarsening. Other 
examples, however, have been noted 
where the as-forged fracture has been 
even finer than in Fig. 7(a) but where the 
quenched-and-drawn fracture has shown 
severe overheating with correspondingly 
low physical properties. 

If steel is fractured after heating to 
the forging temperature without subse- 
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quent forging, more coarsely crystalline 
fractures are obtained. Figure 8(a) 
shows the fracture from a bar of steel 
heated to 2350 F. and air cooled; Fig. 
9(a) shows another bar from the same 
heat of steel heated to 2460 F. and like- 
wise air cooled without forging. The 
corresponding heat-treated fractures are 
shown in Figs. 8(b) and 9(6), respectively. 
For individual heats, the as-heated frac- 
ture grain size is proportional to the de- 
gree of grain coarsening and could be 
used as a crude criterion of such. This 
is not true, however, for different heats 
of steel (see Figs 10(a) and 10(b)). Figure 
10(a) is a fracture from a different heat 
of steel than in Figs. 8(a@) and 9(a). The 
as-heated fracture grain size is similar to 
that in Fig. 8(a) and considerably finer 
than in Fig. 9(a); yet the fracture in Fig. 
10(b) is worse than in either Figs. 8(0) or 
9(b) and is indicative of steel which was 
very badly overheated if not burned. 


Normalized and Drawn: 


Since this discussion is concerned 
primarily with S.A.E. 4340 type steel, 
no as-normalized fractures will be shown 
because in normal aircraft practice the 
steel is never machined or used in this 
condition. Sluggish transformation usu- 
ally causes the formation of some hard 
constituents, and, therefore, satisfactory 
machinability cannot be achieved unless 
the steel is drawn at a high temperature 
after normalizing. However, the only 
difference between as-normalized and 
normalized-and-drawn fractures is that 
the normalized fracture is invariably en- 
tirely crystalline, whereas the normal- 
ied-and-drawn fracture shows varying 
degrees of fibrous and crystalline fracture 
usually in alternating bands. If a large 
mount of fibrous fracture is exposed, a 
lair picture of the presence or absence of 
grain coarsening can be obtained. If, 
lowever, the fracture is almost all crys- 
talline as in Figs. 11(a) and 12(a), then 


vay 


even severe overheating might not be 
noticed. The corresponding heat- 
treated fractures shown in Figs. 11(6) 
and 12(0) illustrate that, although the 
normalized-and-drawn fractures may be 
similar in appearance, a vast difference 
may exist in the fracture and correspond- 
ing physical properties after a quench 
and draw. 


Cycle Annealed: 


No photographs of cycle annealed 
fractures will be shown because the frac- | 
tures are almost identical in appearance 
and in the amount of variation of fibrous 
and crystalline structure as in the case 
of normalized-and-drawn fractures. 


As-Quenched—Effect of Draw Tempera- 
ture: 


Because the Shepherd ‘“P-F” fracture 
test! is made in the as-quenched condi- 
tion, the tendency might prevail on the ~ 
part of the uninitiated to assume that og 
_as-quenched fracture would be the most 
sensitive for detecting grain coarsening. 
Actually, even very severe overheating 
will be largely, if not entirely, obscured, -— 
by an as-quenched fracture. Figure 
13(a) shows the fracture of a severely — 
overheated steel in the as-quenched con-— 
dition. This shows but slight evidence 
of the degree of grain coarsening actually 
present as indicated in Figs. 13(6) and — 
13(c). These latter figures also illustrate 
the effect of drawing temperature and the 
resultant Brinell hardness on the extent 
of the grain coarsening revealed. 


APPLICATION OF THE FRACTURE TEST IN| 
PRODUCTION 

The fracture testing of forgings which 

are fully heat treated (normalized, 

quenched, and drawn) to the final hard- 

ness before rough machining is a simple 

matter. The test specimen which is 


4B. F. Shepherd, “The P-F Characteristics of Steel,”’ 
Transactions, Am. Soc. Metals, Vol. 22, p. 979 (1934). 
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- forged integrally with the part is merely 
notched and broken and the fracture ex- 
amined; if the fracture is satisfactory and 
_ the Brinell hardness values are within the 

required range, the forging is suitable 

“for shipment. As an additional check 

on the reliability of parts passed by frac- 
ture examination, a tension test is made 
from one forging out of every 500 or one 
from each heat of steel, whichever is the 
smaller. 

One note of caution in fracture testing 
is deemed advisableat this point; namely, 
the importance of breaking the fracture 
of fully heat-treated parts at room 
temperature. If the fracture test speci- 
men is heated above 250 F. in the notch- 
_ ing operation (which can easily happen if 
an abrasive cut-off wheel is used), a nor- 
mal fibrous fracture, identical to that ob- 
tained on fully heat-treated material, will 
be obtained on as-forged or as-normalized 
material. Overheating would be de- 
tected but improperly heat-treated ma- 
terial would not be eliminated. This 
peculiarity of the fracture (which will be 
referred to as the “hot” fracture) is il- 
lustrated in Fig. 14. The fracture of 
S.A.E. 4340 steel heated to 2400 F. for 
4 hr. and then broken at room tempera- 
ture is shown in Fig. 14(a). The same 
specimen broken at 450 F. (Fig. 14(6)) 
shows a fibrous fracture previously con- 
sidered typical only of quenched and 
drawn material. Facets indicative of 
grain coarsening are plainly visible. The 
same piece when quenched and drawn 
and broken at room temperature shows a 
similar but somewhat less fibrous fracture 
(see Fig. 14(c)). The reason for the 
change in the nature of the fracture is 
readily explainable. Impact values ob- 
tained on the as-heated steel at a series 
of temperatures up to and including 550 
F. increased from 8 ft-lb. at room 
temperature to 33 ft-lb. at 550 F. Since 


the tensile strength of S.A.E. 4340 steel 
range 


over this same suffers a small 
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decrease in value, the resistance to shear 
type or brittle failure increases greatly 
(as illustrated by the increase in impact 
values) while the resistance to tensile 
failure decreases slightly. Since the 
resistance to shear increases as the re- 
sistance to tensile failure decreases, 
fibrous type fractures eventually result 
as the breaking temperature is increased. 

Many parts made of S.A.E. 4340 are 
only normalized and drawn or cycle an- 
nealed before rough machining. On 
these parts, in order to determine the 
true extent of grain coarsening, some 
method of local hardening and drawing 
the test specimen to obtain fibrous frac- 
tures had to be devised. It would be 
impractical, if not impossible, to carry 
the fracture test section or prolongation 
through the rough machining operations 
and then make the fracture test after 
final heat treatment. In the past when 
such parts, now fracture tested, were 
tested in tension, the test specimens were 
assigned serial numbers corresponding to 
the forging from which they were cut at 
some stage in the rough machining opera- 
tion. The test specimens were then 
quenched and drawn along with the 
rough machined part. The same proce- 
dure could be followed with the fracture 
test specimen or the fracture specimen 
could be cut from the forging at the 
vendor’s plant and furnace treated in 
batch lots. This latter method 
temporarily used when the fracture test 
was first inaugurated on _ non-heat- 
treated forgings but had three serious 
disadvantages: 

1. Serial numbering of all forgings and 
test prolongs was required. 

2. In most cases the test specimens 
were small in order to conserve material 
so that only a longitudinal fracture could 
be obtained. 

3. Loose test specimens were fre- 
quently lost or misplaced, causing the 


was 


loss of good forgings. 
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Several methods of locally hardening 


and drawing the fracture test specimens 
were investigated. The most practical 
means of accomplishing this objective 
was found to be by flame heating with a 
single row, multi-flame, oxygen-acetylene 
burner. The fracture test portion is 


Fic. 15.—Fracture Test Sp nen. 


notched with a mechanical hacksaw 
leaving about 3 to ? in. for fracturing de- 
pending on the size of the forging. The 
uncut portion is rapidly heated above 
the critical temperature with the flame 
head at a sufficient distance from the 
surface to avoid excessive heating. Af- 
ter quenching, using an air blast for 
S.A.E. 4340 steel in order to prevent 
quench cracking, the hardened zone is 
drawn back to approximately 1100 to 
1200 F. using a similar flame head but 
with a smaller flame and situated at a 
greater distance from the forging. The 
test specimen is then cooled from the 
draw heat with a water spray and im- 
mediately broken off with a mechanical 
press. A study of the flame hardening 
process used will be presented later. 

A typical flame-hardened fracture test 
specimen used on large crankshafts is 
shown in Fig. 15. The flame hardening 
table, which rotates in a clockwise direc- 
tion, for progressively hardening and — 
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drawing this type of crankshaft is shown 

in Fig. 16. Figure 17 shows a fracture 
test specimen’ being broken off in a 
mechanical press. 

It might be considered that hot frac- 
turing could be used for producing 
fibrous fractures but investigation has 
shown that there are disadvantages that 
eliminate its practical application. On 
green stock poor correlation was obtained 
between certain hot fractured specimens 
and corresponding heat-treated fractures. 
On normalized and drawn or cycle an- 
nealed stock satisfactory correlation to 
heat-treated specimens was obtained but 


Fic. 17. 


Fracture Tcst Press. 
- difficulty was experienced in breaking off 
the fracture specimens because of the 
excellent ductility of the material. 
_ Three strokes of the press were required 
to effect removal instead of a single 
stroke as on flame hardened and drawn 
test specimens. 

It has been previously pointed out that 
on parts which are not fully heat treated 
- 4 before rough machining the fracture test 
cannot serve as an indicator of the qual- 
ity of the final heat treatment but is 
useful in eliminating coarsened forgings, 
_ thus avoiding useless, expensive machin- 
“ing operations. Compliance with the 

basic physical specifications after heat 
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treatment is assured by proper steel 
acceptance testing, careful hardness 
checks on the finished part, and a repre- 
sentative tension test on a coupon 
furnished from the same heat of steel. 


FRACTURE STANDARDS 


Since all forgings cannot be produced 
consistently free of some degree of grain 
coarsening, at the present time, the es- 
tablishment of fracture standards based 
on physical property data is required. 
Proposed fracture standards are shown 
in Figs. 1(a) to 6(c), inclusive. Cor- 
responding physical properties, which in 
the milder cases have been fully sub- 
stantiated on production forgings, are 
shown in Table I. Experience has shown 
that three sets of standards are advis- 
able: 

(a) Flame hardened and 
(quenched and drawn only) 
Fully heat treated to high Brinell 
range (approximately 375 to 429 
BHN) 

Fully heat treated to low Brinell 
range (approximately 269 to 363 
BHN) 

Two sets of standards on fully heat- 
treated material are required because the 
sensitivity of the fracture test is depend- 
ent on the extent the material is drawn 
after hardening. The ideal fracture on 


drawn 


(b) 


(c) 


S.A.E. 4340 steel is a tough fibrous 
structure obtained in the Brinell range 
of 269 to 363. Above a Brinell hardness 
of approximately 363, the fracture be- 
comes gradually less fibrous and more 
silky and its sensitivity for the detection 
of grain coarsening is lessened (compare 
Figs. 5(b) and 5(c)). The as-quenched 
fracture is entirely silky and only very 
severe overheating can be detected. 
Fortunately up to and including a Brinell 
hardness of 429 (the maximum hardness 
used for S.A.E. 4340 steel in commercial 
production), the fracture is sufficiently 
sensitive to eliminate the degree of grain 
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coarsening which would adversely affect 
physical properties. The decision of 
which set of standards to use for a given 
part depends on the hardness range 
specified for the part. If the range for 
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if between a fibrous and silky fracture, 
the higher hardness range. 

On forgings that are not fully heat 
treated before machining, the flame hard- | 
ened and drawn fracture is obtained on 


(b) Furnace hardened and drawn. 


Fic. 18.— —Comparison of Flame and Furnace Hardening— Mildly Coarsened. 


a part should overlap the fracture 
standard hardness ranges, then the de- 
cision would depend on the background 
appearance of the fracture. That is, if 
the fracture is fibrous, the standards for 
the lower hardness range would apply; 


(b) Furnace hardened and drawn. 
“1G. 19.—Comparison of Flame and Furnace Hardening—Badly Coarsened. 


green stock (as-forged). 
tion were carried out after the normalize- 
and-draw or cycle anneal treatments, 
hard spots would be left on the forging 
unless a subsequent drawing operation 
were employed after the fractures were 


If the opera- 
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broken. Such extra operations are, of 
course, undesirable on a production line. 
The flame-hardened fracture made on 
green stock does not have the benefit 
of the normalizing treatment which 
causes a marked refinement in the frac- 
ture of fully heat-treated steel. The 
value of the normalizing treatment can 
be fully appreciated by comparing a 
quenched-and-drawn fracture of mildly 
coarsened steel obtained green 
stock with the same piece of steel frac- 
tured after normalizing, quenching, and 


TABLE I.—PHYSICAL PROPERTIES MATERIAL 
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full heat treatment will not needlessly 
be rejected. 

Flame-hardened-and-drawn fractures 
can be duplicated in appearance by 
furnace-heated, quenched-and-drawn 
fractures as shown in Figs. 18(a), 18(d), 
19(a) and 19(6). In preparing the frac- 
ture standards, it was considered ad- 
visable to show fracture areas larger than 
could be conveniently obtained by flame 
hardening. Uniform results on flame- 
hardened fractures on depths of more 
than } in. are difficult to obtain. For 


NORMALIZED, QUENCHED, AND DRAWN 


Low Hardness Range 


poo Group 1 | Group 2 Group 3 ai Group 5 | Group 6 
Normal | Trace | Mild Tests Bad Very Bad 
High Hardness Range 
ye. Se 185 000 | 202 000 203 000 198 750 198 000 198 500 205 750 
170 000 | 195 500 192 000 188 250 189 250 191 250 202 000 
Elongation, per cent ................... 10.0 | 12.5 12.0 13.0 12.0 00.5 4.0 
Reduction of area, per cent.............. 30.0 45.8 42.5 43.0 | 37.3 36.4 8.5 
0 ¥ 21 19 22 24 | 22 9 
Brinell hardness number.... ....._._.... 375-430 415 415 401 401 401 415 
82 000 80 000 49 000 


152 250 | 159 800 


Tensile strength, psi..................... | 140000 | 151500 | 154.000 | 154.000 | 163 000 

| 120000 | 135000 | 135500 | 142000 | 153000 | 135000 | 149 200 
eee ee 15.0 18.0 18.5 19.0 | 17.5 16.0 8.5 
Reduction of area, per cent.............. | 50.0 57.9 54.4 55.3 50.0 46.2 10 
a | 35 70 65 58 51 48 | 28 
Brinell hardness number.................. 302-341 321 321 321 331 321 | 331 


rather than the standard 10-in. radius specimen. 


drawing to the same hardness (compare 
Figs. 4(a) and 4(c)). The facets in the 
fully treated fractures are always dull 
and grayish-white while those in the 
flame-hardened fracture are frequently 
shiny and metallic in appearance. Ap- 
parently some type of action has taken 
place during the normalizing causing a 
change in the facet appearance and re- 
ducing the size and number of facets. 
Since the flame-hardened fracture on 
green stock is overly sensitive, fracture 
standards for flame-hardened forgings 
must be more liberal than for forgings 
fracture tested after full heat treatment. 
In this way material which would have a 
satisfactory fracture appearance after 


@ Made using an R. R. Moore machine with an }-in. radius groove specimen (stress concentration factor about 1.2 


this reason, furnace-hardened, rather 
than flame-hardened, fractures, with the 
exception of Fig. 6(a), were used in the 
fracture standards. 

Fractures corresponding to the photo- 
graphs shown in groups 1 and 2 may be 
passed as acceptable by the inspectors 
on the production line. Fractures com- 
parable to those in groups 3 and 4 are 
held out for laboratory review. Those 
in group 3 may be passed without further 
tests by decision of a competent metal- 
lurgist. Group 4 fractures require addi- 
tional testing which will be covered in 
the next section. Forgings showing the 
type of fracture illustrated in Figs. 5 and 
6 would be scrapped immediately, and 
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the fracture coupon sent to the labora- 
tory for further investigation. This 
grouping is substantiated by the physical 
properties, shown in Table I, which were 
determined on the identical coupons used 
for the fracture illustrations. Yield and 
tensile strengths are not affected even 
by very severe overheating, and fatigue 
properties suffer diminution in value only 
when the overheating is very severe 
(group 6). Ductility and toughness (im- 
pact) gradually decline as the degree of 
coarsening increases but are still above 
the minimum requirement in all groups 
except the low Brinell range of group 5, 
and decline drastically only in group 6. 

Although the basic concept of the 
fracture testing program is to provide a 
simpler means of testing yet comparable 
in reliability to the conventional physical 
tests in eliminating material which will 
not pass the minimum required physical 
properties, the standards were not estab- 
lished wholly on that basis alone. The 
fractures were classified into two main 
groups: those acceptable on the produc- 
tion line which are entirely free from any 
evidence of grain coarsening or contain 
only a trace; and those which contain evi- 
dence of mild overheating or are definitely 
bad. If the standards were established 
strictly on the basis of physical properties, 
group 4 would beacceptable without ques- 
tion and group 5 would then be borderline 
and subject to further tests. However, 
because an important objective of frac- 
ture testing is to secure an overall im- 
provement in forging quality by mini- 
mizing grain coarsening, standards were 
established more stringently on the basis 
of appearance than would actually be 
required on the basis of corresponding 
physical properties. 
FURTHER TESTING—LONGITUDINAL 

FRACTURES 

If forgings are found with fractures 
similar to those in group 4, the forging 
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from each heat showing the worst frac- 
ture would be fully heat treated (in case 
of flame-hardened test piece forgings 
only) and tension and fracture tests 
taken from appropriate locations 
throughout the forging. If the proper- 
ties and additional fractures are satisfac- 
tory, all of the other forgings of the group 
would be approved. 

The original specification in effect on 
fracture testing of forgings required the 
complete absence of facets on fully heat- 
treated longitudinal fractures. The 
longitudinal fracture was used because at 
the inception of the fracture testing pro- 
gram the flame hardening process for 
hardening and breaking the fracture 
section directly on the forging had not 
yet been developed. The longitudinal 
fracture which is made parallel to the 
forging flow lines is considerably less 
sensitive than the transverse fracture 
broken across the grain flow. The 
longitudinal fracture will not reveal a 
condition of mild grain coarsening which 
has only a slight effect on physical 
properties but will reveal more serious 
coarsening that causes a decrease in 
ductility to a value approaching the 
minimum requirement. 

Figures 20 and 21 show longitudinal 
fractures taken from the same pieces as 
the transverse fracture standards in 
Figs. 4(b) and 4(c). The longitudinal 
fractures show no facets and hence ma- 
terial in the condition shown by the 
transverse fracture will fully pass the 
existing requirement. Figures 22 and 
23, taken from the same pieces as the 
transverse fractures in Figs. 5(6) and 
5(c) which are not acceptable, clearly 
show facets on longitudinal fractures. 
The lesser sensitivity of the longitudinal 
test might make it seem more desirable 
than the transverse because less persona] 
element would be required in judging 
fractures; if no facets are visible the ma- 
terial is acceptable; if even a few facets 
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Fic. 20.—Borderline Acceptable. 


Comparison of Normalized, Quenched, Brinell) Transverse, Fracture (Fig. 4(6)) and Longitudinal 
racture, 


Fic. 21.—Borderline Acceptabl 


{ Comparison of Normalized, Quenched, and Drawn o Brinell) Transverse Fracture (Fig. 4(c)) and Longitudinal 
racture, 
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are visible it is rejectable. It is this these goals can only be achieved if the 
lesser sensitivity, however, that makes _ steel is fractured transversely. 

the longitudinal test undesirable because When steel is overheated as severely as 

it does not lead to a sufficient improve- in group 6, the longitudinal fracture is’ 


Fic. 22.—Not Acceptable. 
pemoetn of Normalized, Quenched, and Drawn (401 Brinell) Transverse Fracture (Fig. 5(b)) and Longitudinal 
racture, 


Fic. 23.—Not Acceptable. 


p comparison of Normalized, Quenched, and Drawn (321 Brinell) Transverse Fracture (Fig. 5/c)) and Longitudinal 
racture, 


ment in forging quality. Group 4 frac- essentially indistinguishable from the 
tures should be entirely eliminated, if transverse (see Fig. 24). Apparently in 
possible, and group 3 minimized as much grain coarsened or mildly overheated 
is possible. Progress toward reaching _ steel, the cohesive strength between the 
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Very Bad Fracture. 
Longitudinal Fracture Is Comparable to Transverse Fracture.—Normalized, Quenched, and 
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40/-9/5 BRINELL 
18 - Normal Fracture 
48-further fests 

68-very bad 


32/-33/ BRINELL 
A (c-rormal fracture 
@ 4c-further fests 
@ cc-verr bad 


Fic. 25.—Fatigue Tests of Coarsened Material R. R. Moore Specimens 0.230-in. Critical Diameter. 
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fibers is less than any grain weakening 
effect produced by the coarsening, and 
hence no evidence of mild degrees of 
coarsening which can be seen in the trans- 
verse fracture is visible in the longitu- 
dinal fracture. This probably 
explains why the physical properties de- 
crease only slightly until the degree of 
overheating is sufficiently severe to ap- 
pear in the longitudinal fracture. 


also 


FATIGUE TESTING 
The problem of fatigue failure in air- 
craft engine parts is one of vital concern. 


62 
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when the fracture is very bad (group 6). 
Not only are the endurance limits nearly 
identical for the first four or five groups 
in the fracture standards but the general 
shape of the curves as well. Thus, a few 
cycles of overstress would be no more 
harmful in a mildly coarsened engine part 
than if made of steel with a normal 
fracture. 

Other fatigue data’ were obtained on 
larger size test bars using a specially de- 
signed machine of the cantilever-beam 
type operating at 1000 rpm. The speci- 
men used (see Fig. 26) had a critical 


at 
Th. X2"Deep Tap 3-13 Th. X/$ Deep 
+ 
0.05 rad. 
” / 
” / 3" S$ 
Morse Taper per ft. | 2.32"—AS § 
| 8.50" 
I7# > 


Fic. 26.—Fatigue Test Bar. 
Bending Type—1-in. Critical Section With Stress Concentration. 


The fact that grain coarsening had only a 
slight effect on static physical properties 
was no guarantee that fatigue properties 
were likewise unaffected. Fatigue 
curves, therefore, were obtained on 
material in various stages of coarsening 
using an R. R. Moore fatigue testing 
machine. A circumferentially grooved 
specimen (}-in. radius) was used in place 
of the standard specimen to provide a 
slight stress concentration factor (about 
1.2) to make the tests more sensitive to 
slight material differences. The en- 
lurance limits obtained are listed in 
lable I, and the corresponding fatigue 
curves are shown in Fig. 25. Diminu- 
tion of the endurance limit occurs only 


diameter of 1-in. and contained a fillet 
which provided a stress concentration 
factor of approximately two (2.0). Ma- 
terial with a normal fracture was tested 
in comparsion with material from the 
same heat of steel coarsened similarly to 
that in Fig. 4(c) (see Fig. 27). After 
complete heat treatment to 331 to 341 
Brinell the bars were finished machined 
and nitrided for 36 hr. at 950 F. The 
object in nitriding the bars was to deter- 
mine whether the penetration of nitrides 
into the steel from the nitriding process, 
in conjunction with the grain coarsening 
present, would cause a lowering of the 


5 Unpublished data obtained by J. M. Lessells, Mass. 
Inst. of Technology, Cambridge, Mass. 
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iG. 27.—Material for Large Size Fatigue Tests. 


CYCLES 


lic, 28.—Fatigue Tests Of Coarsened Material Nitrided. 
l-in. critical diameter stress concentration specimens. 
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endurance properties when compared 
to the uncoarsened material, also ni- 
trided. The answer to this question was 
of great interest because of the large 
numbers of crankshafts made of S.A.E. 
4340 and similar steels which are nitrided. 
The physical properties obtained on the 
material before nitriding are listed below: 


| 


a to “lc 
cis es 
No. 1 Normal | 154 500 | 163 500 |18.0/49.3| 46 | 341 
No. 2 Coars- 
ened 150 000 | 159 250 |18.0/49.5) 45 | 331 


The hardness of the case after nitriding 
varied from 548 to 657 Vickers Brinell. 
The fatigue results are shown in Fig. 28 
and indicate endurance limits of ap- 
proximately 60,000 psi. and 58,000 psi. 
for the normal and coarsened specimens, 
respectively. Actually the curves are 
nearly identical and could almost be 
superimposed but are drawn as shown 
for greater clarity. 


CORRELATION OF TEST SPECIMENS AND 
FORGINGS 

Concern has been expressed that the 
fracture test may not indicate the worst 
condition of grain coarsening found in 
the forging. This possibility is likewise 
true of any extrinsic, nondestructive 
physical test unless the steel is actually 
burned, in which case Magnaflux or even 
visual inspection may reveal the condi- 
tion. In order to determine whether the 
fracture test is a satisfactory indicator of 
coarsening in the forging proper, many 
forgings showing various degrees of grain 
coarsening in the fracture test specimen 
were cut up and fracture tested (after 
complete heat treatment in the case of 
flame-hardened forgings). In every type 
of forging except one, the fracture ap- 
pearance of the test specimen was as bad 
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as or, as is true of flame-hardened frac- _ 
tures, worse than other sections of 'the | 
forging. This is readily understandable © 
because the fracture test specimen is ; 
generally located at an extremity of the 
forging where the heating condition, due 
to end effect, would be the most severe. 

The one exception previously mentioned 
was in the case of a master rod forging 
where considerable forging was _per- 
formed on the test specimen end after 
final heating and only a small amount of 
work on the other end. In this case by 
increasing the size of the test specimen, 
the beneficial influence of a large amount 
of forging after heating was reduced and 
the correlation between the test specimen 
and the heavy section of the forging was — 
then found to be satisfactory. There- 


fore, if heating conditions within the 
furnace are essentially uniform, and if 
the test coupon and the dies are properly 
designed to provide equivalent amounts 
of hot work in the test specimen and 
forging, the fracture test can be consid- 
ered as representative of the worst 
The standards were not obtained an 


OBTAINING FRACTURE 


STANDARDS 


condition of coarsening in the forging. 
METHOD OF 

actual production forgings but from steel 
that had been purposely heated to 
various temperatures in order to obtain 


uniform standards and_ corresponding. 
physical properties. No forging was. 


that fractures obtained without subse- 
quent forging do not simulate actual 
production conditions, attention is di- 
rected to the fact that some parts of 
many forgings receive very little working 
after the final heating. 

The material used in the preparation 


performed after the heating because it 
was desired to obtain the effect of various 
types of fractures on physical properties 
without strict regard to how the fractures 
were obtained. Although it might seem 


of the standards was 5}-in. square billet 
stock of S.A.E. 4340 steel forged to 3-in. 
round by approximately 22-in. long. 
Groups 5 and 6 of the standards were 
obtained in box type furnaces operating 
at metal temperatures of 2500 F. and 


2550 F., respectively. These tempera- 


tures are far in excess of those used in 


} production. The group 4 fractures were 


obtained at a metal temperature of 2450 


heating the steel for about 2 hr. in a 
rotary furnace controlled at 2325 F. 
which is the maximum operating furnace 
temperature used on aircraft forgings, 
The metal temperature in this instance 
was 2250 F. 

On most of the specimens, fractures 
were obtained for direct comparison in 
the flame-hardened-and-drawn condi- 
tion; quenched and drawn only; normal- 
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A - SAE 4340 1%" head to work distance 
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IF. in a box furnace. ‘This temperature 
is considered excessive even for plain 
carbon-steel forgings. Groups 2 and 3 
fractures were obtained in uniformly 
heated well-controlled rotary furnaces, 
which are used almost exclusively on air- 
craft forgings. These fractures were 
obtained on two different heats of steel, 
of different susceptibility to overheating, 
with the furnace operating at 2400 F. 
A soaking period of 4 hr. at the furnace 
temperature of 2400 F. produced a steel 
temperature of 2350 F. The normal 
fractures in group 1 were obtained by 


DISTANCE FROM SURFACE, IN. 


lic, 29.—Flame Hardening Heating Curves, 3-min. Cycle. 


Ye 


‘ 
ized, quenched and drawn to 401 to 415 
Brinell; and normalized, quenched, and 
drawn to 321 to 331 Brinell. 


STUDY OF THE FLAME-HARDENING PROC- 
ESS FOR USE IN FRACTURE TESTING 


A thorough study has been made of 
the flame hardening process to determine 
its characteristics for use in fracture 
testing. Previous experience had shown 
that a heating cycle of approximately 
three minutes on large crankshafts (like 
that shown in Fig. 17) and _ propeller 
shafts produced satisfactory fracture re- 
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sults at a practical rate of testing. This 
long cycle (shorter time intervals are 
used on smaller parts) was selected for 
detailed analysis. 

Surface temperatures reached were de- 
termined by optical pyrometer; sub- 
surface temperatures were determined 
simultaneously by three thermocouples 
inserted respectively at $, and }-in. 
below the heated surface on specimens 
which had been notched to leave ap- 
proximately 3-in. for fracturing. The 
surface temperature on these special test 
specimens, as well as on all flame-hard- 
ened test specimens, ranged between 
1850 F. and 2000 F. These high surface 
temperature values were necessary to 
produce temperatures between 1400 and 
1500 F. at 3-in. below the surface within 
the 3-min. heating period. A tempera- 
ture of 1400 F. is about the minimum 
which will eliminate the as-forged struc- 
ture from the fracture. The tempera- 
ture at a distance of }-in. below the 
surface varied between 1750 and 1850 F. 
Some typical heating curves are shown 
in Fig. 29, 

The high surface temperatures as well 
as the steep temperature gradient were 
a cause for concern until direct compari- 
son with furnace-treated fractures, as 
previously shown in Figs. 18(a), 18(d), 
19(a), 19(6), clearly proved that the 
flame-hardened results are fully depend- 
able. The respective flame and furnace- 
hardened fractures are essentially identi- 
cal even though the flame-hardened 
specimens were quenched from a tem- 
perature range of 1400 to 2000 F., 
whereas the furnace-hardened specimens 
were quenched from 1550 F. The size 
or distribution of facets is not appreci- 
ably affected by quenching temperatures 
ranging from just above the lower 
critical to 2000 F. The failure of the 
high heat to refine the fracture is prob- 
ably due to the short heating time used. 
Longer heating periods such as those 


usually employed in furnace heating 
practice would probably have more of a 
refining influence at the high tempera- 
ture. 

No specimens were furnace hardened 
from the maximum temperature reached 
in the flame-hardening operation because 
of the excellent correlation between 
flame- and furnace-hardened fractures. 
Samples, however, were quenched from 
a furnace at 1350 F. and 1400 F. to de- 
termine the lowest temperature which 
would eliminate the as-forged fracture in 
S.A.E. 4340 steel. Figure 30(a) shows 
a fracture of S.A.E. 4340 steel heated to 
2300 F. and air cooled; Fig. 30(b) was 
oil quenched from 1350 F. and drawn at 
1100 F.; Fig. 30(c) was oil quenched from 
1400 F. and drawn at 1100 F. At 1350 
F. (the Ac; point for S.A.E. 4340 steel) 
almost all of the as-heated fracture re- 
mained whereas at 1400 F. (which is 25 
F. below the Ac; point), the structure was 
entirely fibrous and _ indistinguishable 
from that obtained at normal hardening 
temperatures. Therefore, a tempera- 
ture of 1400 F. at the bottom of the 
flame-hardened zone is sufficient to 
produce a fibrous structure suitable for 
the detection of overheating when 
present. 


GRAIN COARSENING AND STEEL HEAT 
SENSITIVITY 

At the beginning of this paper mention 
was made of the fact that grain coarsen- 
ing may be obtained at normal forging 
temperatures in uniformly heated, well- 
controlled furnaces. However, this 
coarsening at normal temperatures oc- 
curs chiefly in sections which receive 
little or no work after the final heating 
and can be minimized by avoiding 
excessive time at temperature; that is, 
by dropping the temperature of the 
furnace in case of short delays and 
removing the stock from the furnace 
when long delays are anticipated. De- 
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lay time of more than 1 hr. in the final 
heating furnace may prove detrimental 
to the fracture appearance of some heats 


of steel. 


(b) Furnace hardened from 13 


(c) 


Fic. 30.—Effect of Low Quenchi 


_ It has been clear for some time that 
certain heats of the same grade of steel 
are more susceptible to coarsening than 
others. An excellent illustration show- 
ing the differences among four heats of 
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Furnace hardened from 1400 F 


S.A.E. 4340 steel is presented in Fig. 31, 
Three-inch round bars from the four 
heats were held at temperature for 4 hr, 
in a rotary furnace controlled at 2400 F, 


50 | 


and drawn at 1100 F, 


. and drawn at 1100 F. 


ng Temperatures On Fracture. 


During this interval the furnace doors 
were kept closed except for periodic 
checks of the stock temperature by 
means of an optical pyrometer. The 
furnace was slowly rotated during the 
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(b) Microstructure (* 150). Etched in Nital. 


I'1G. 32.--Typical Microstructure of Coarsened Steel. 


heating period to insure uniformity of 
heat distribution. The maximum stock 
temperature attained was 2350 FF. Rel- 
atively similar, although not as_ pro- 
nounced, fractures were obtained by 
heating these same heats for 4 hr. in a 
rotary at 2350 F. 

To accentuate the difference between 
the heats, the fractures shown in Fig. 31 
were quenched and drawn only. These 
fractures correspond to groups 1, 2, 3, 
and 4 in the fracture standards. 

The heats were carefully analyzed to 
determine whether any differences could 


be detected chemically. The results of 


these analyses are shown below: 


| Heat A Heat Heat CI 

re None | Trace Mild 
Manganese........... 0.66 0.71 0.70 
Phosphorus.......... 0.018 0.016 0.017 
Chromium. .......... 0.80 0.82 0.82 
1.79 1.77 1.77 
Molybdenum. ....... 0.25 0.23 0.23 
Aluminum" ......... 0.03 0.02 0.02 
Nitrogen“ 0.013 0.014 0.010 
Grain Size 8/7 67-5 87 


~4@ Determined by South Works Laboratory of C: 
Illinois Steel Corp. 
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The analyses are literally identical in- 
cluding aluminum and nitrogen, and 
hence no clue to the difference in behavior 
can be garnered from this study of 
chemical composition. Neither does the 
Mc(Juaid-Ehn grain size furnish any 
information concerning the behavior of 
the steel at more elevated temperatures; 
heats A and C were very fine grained 
whereas B and D were somewhat coarser. 
All four heats were made at the same mill 
so that none of the difference can be laid 
to variations in steel mill practice. 

The appearance of facets in the exam- 
ples shown is not peculiar to chromium- 
nickel-molybdenum steel alone (S.A.E. 
4340) but has been observed in plain 
carbon steel (S.A.E. 1045), in chromium- 
molybdenum steel (S.A.E. 4140), in 
chromium-nickel steel (S.A.E. 3140 and 
3312), and in nickel steel (S.A.E. 2515). 
The condition has not been observed in 
chromium-vanadium steel (S.A.E. 6140) 
even when sufficiently overheated to 
result in partial melting of the metal. 
The lower alloy and plain carbon steels 
appear to require higher temperatures 
to cause grain coarsening than the higher 
alloy steels, but this cannot be made as 
a general statement because of the dif- 
ference in susceptibility of various S.A.E. 
4340 heats. Thus the facet condition 
may not be more inherent in this type of 
steel but simply more sensitive to the 
mechanism of coarsening which as yet 
has not been satisfactorily explained. 


METALLOGRAPHIC StTupDyY OF GRAIN 
COARSENING AND OVERHEATING 


The Widmanstitten structure, which 
is sometimes associated with overheating 
in plain carbon steel, does not persist 
through heat treatment in the alloy steels 
investigated. No evidence of any con- 
stituent which might be responsible for 
the facet condition in these steels has 
been observed microscopically. Even 
the microstructure of the steel (S.A.E. 
4340) from the badly coarsened fracture 
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in Fig. 32(a), which was fully heat 
treated, has the same appearance as steel 
with a normal, fully fibrous fracture. 
This applies equally in the unetched, 
lightly etched, or normally etched condi- 
tions. The microstructure from the 
fracture in Fig. 32(a) is shown in Fig. 
32(b) with a normal nital etch. Various 
methods of polishing and etching, in- 
cluding electrolytic and the Wesley- 
Austin reagent (10 per cent nitric acid, 
10 per cent sulfuric acid, balance water) 
which British metallurgists’ have found 
helpful in the examination of overheated 
steel, have been tried without success in 
an attempt to determine the nature of 
the grain coarsening mechanism. 

Steel which was very badly overheated, 
if not actually burned, may be detected 
microscopically. The microstructure of 
the steel (also S.A.E. 4340) in the frac- 
ture in Fig. 33(a) shows decarburized 
coarse grain boundary outlines for about 
1-in. below the decarburized surface 
layer (see Fig. 33(6)). Below the zone 
of decarburized grain boundaries, the 
outline of coarse grain boundaries is still 
readily apparent (with a light nital etch) 
in the form of small elongated inclusions 
(see Fig. 33(c)). At higher magnifica- 
tion (Fig. 33(d)), these inclusions were 
identified as sulfides. The principal 
value of the light etch is to provide better 
contrast to make the coarsened grain 
boundaries stand out more_ sharply. 
With a normal etch, the coarse grain 
boundaries are nearly obscured except 
in the decarburized grain boundary zone. 

Whether grain coarsening is caused by 
the same mechanism as in the above 
instance, that is, the rejection of sulfides 
to the grain boundaries, is not known. 
No evidence of sulfides outlining grain 
boundaries has been noted in microstruc- 


tures from normal or grain coarsened | 


fractures, but this may be only because 
the particles are extremely fine and well 
dispersed or are actually sub-microscopic. 
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etched cross-sections from the same 
pieces as the fractures in Figs. 32(a) and 
33(a) cast doubt upon the similarity of 
the mechanism in the two cases. An 
etched section from the fracture in Fig. 
32(a) has the characteristic appearance 
of steel with a normal fracture (see Fig. 
34(a)), whereas, an etched section from 
the fracture in Fig. 33(a) shows a pro- 
nounced and nearly continuous outline 
of coarse grain boundaries (see Fig. 
34(b)).. The grain boundaries brought 
out by etching in Fig. 34(6) are not 


(a) From material of fracture in Fig. 32(a). 
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of the steel. However, when green stock 
which showed grain coarsening upon hot 
fracturing was examined metallographi- 
cally, the nature of grain coarsening be- 
came more evident. 

The fracture of the material used in 
this study is shown in Fig. 32(a) in the 
quenched and drawn state. A _ piece 
from the same specimen in the green 
condition was broken cold producing a 
fracture similar to that in Fig. 9(a@); the 
same piece was again broken a short 
distance away at 450 F. resulting in a 


(b) From material of fracture in Fig. 33(a). 


Fic. 34.—Etch Slices. 


revealed by Magnaflux inspection prior 
to etching. 

_The appearance of the fracture pro- 
duced by hot fracturing suggested a 
possible explanation of the nature of 
grain coarsening. Previous studies of 
grain coarsening were made on material 
in the quenched and drawn condition 
which largely destroyed, for metallo- 
graphic purposes, the effect of the 
previous high temperature heating op- 
eration. It was considered necessary, 
at that time, for the steel to be heat 
treated before the coarsened grains could 
be distinguished from the general mass 


fracture similar to that in Fig. 32(a). A 
single microsection was then cut through 
the piece containing both fractures. 
The polished and etched section is shown 
in Fig. 35 at approximately 6 magnifica- 
tions. The left edge of the microsection 
is taken through the cold fracture and 
shows that the flat areas in Fig. 9(a) have 
no relationship to individual grains 
but are simply transcrystalline breaks 
through similarly oriented grains. The 
hot fracture (on the right edge) appears to 
be chiefly intercrystalline. Examination 
of the fracture shows that these inter- 
crystalline breaks coincide with facets. 
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Where no facets are present, the fracture 
is fibrous and again transcrystalline. 
Likewise in other samples of similar grain 
size where no facets were present at all, 
the break was as straight as on the left 
side of Fig. 35 except that the fracture 
Bae fibrous instead of crystalline. 
Microscopic examination at high mag- 
nification of the grain boundaries which 
show facets reveal no constituent at the 
grain boundaries which might be respon- 


Fis. 5. 


sible for the facets. Facets, therefore, 
appear to be the remains of persistent 
large grains formed at the forge heating 
temperature which are not fully refined 
by ordinary heat treatment. No ex- 
planation, however, is yet available for 
the persistence of large grains in certain 
heats and not in others under identical 
initial heating conditions. 

Small specimens of }-in. square S.A.E. 
4340 steel were heated to 2300 F., 2400 
-F., and 2500 F. in a carbon 
furnace and cooled at three different 
rates to determine the effect, if any, of 
the cooling rate from the forging tem- 
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Cold Fracture Left Side, Hot Fracture Right Side (X 6). 
Vilella’s Reagent. 


perature on the resulting fracture and 
microstructure. set was oil 
quenched directly, another set air cooled, 
and the third set buried in warmed sand 
to promote slow cooling. The specimens 
were broken immediately after cooling 
from the high temperatures and again 
after complete heat treatment. The 
fractures after direct oil quenching with- 
out subsequent heat treatment had a 
shiny euhedral appearance not unlike the 


Etched with 


fracture in Fig. 6(a). The more slowly 
cooled fractures were flat, coarsely 
crystalline, and similar in appearance to 
Figs. 8(a) and 9(a). In spite of the 
difference in fracture appearance im- 
mediately after cooling, the fractures 
after complete heat treatment were very 
similar. Likewise the microstructures 
obtained on the specimens after complete 
heat treatment were indistinguishable. 
Hence it may be concluded that the 
cooling rate from the forging temperature 
has no effect on the final fracture ap- 


pearance. 
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REFINEMENT OF GRAIN COARSENED 


STEEL 


Steel coarsened similarly to that in 
the first five groups of the fracture 
standards can readily be refined both by 
heat treatment and forging while group 
6 fractures appear to be incapable of 
salvaging short of remelting. This fur- 
ther suggests that one mechanism may 
be responsible for the fracture appearance 
in the first five groups while an entirely 
different mechanism, perhaps incipient 


(a) Coarsened structure. 
Both specimens are shown in the fully heat treated condition. 
Fic. 36.—Salvage of Grain Coarsened Steel By Heat Treatment. 


fusing of the grain boundaries, may cause 
the brittleness of the material in group 6. 

Mildly coarsened, fully heat-treated 
steel similar to that at the left in Fig. 36 
can be completely refined by a reduction 
in area in forging of 20 per cent or more. 
Essentially complete refinement can be 
obtained by simply reheating to the 
normal forging temperature for an hour 
or two. The fracture at the right of 
Fig. 36 was obtained on the same piece 
of steel as the fracture on the left by 
simply reheating in a furnace at 2300 F. 
for 1 hr. without subsequent forging. 
Reheat treatment or repeated normaliz- 
ing at the regular temperature appears to 
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have only a minor effect on refining the 
fracture. Reheating to low forging tem- 
peratures evidently produces greater 
atomic mobility which effectively breaks 
up the persistent large grains and the 
fracture appearance is improved. Steel 
severely overheated or burned cannot be 
reclaimed even by forging. Salvage of 
borderline coarsened material is a dubi- 
ous process as reheating to the forging 
temperature without subsequent forging 
produces heavy scaling which might 


(b) Same after re-heating 1 hr. at 2300 F. 


necessitate the scrapping of forgings with 
little finish. If forging heats and delay 
times are carefully controlled, few forg- 
ings should have to be scrapped for poor 
fractures. For these few, the expense 
and uncertainty of salvage is scarcely 
justified. 
QUALITY IMPROVEMENT 
The fracture test when properly ap- 
plied will result in a marked improve- 
ment in the quality of alloy-steel forgings 
because the actual condition of the metal 
in the forgings can be better appreciated 
by visual examination of the fracture 
than by perusal of physical property 
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data. By establishing heating condi- 
tions (time and temperature) in accord- 
ance with fracture appearance, forgings 
with poor physical properties because of 
grain coarsening will be negligible in 
number. By applying to all alloy forg- 
ings the heating conditions found nec- 
essary to control coarsening in the 
fracture tested forgings, scrap as a result 
of heavily scaled stock will be reduced 
and the extent of surface decarburization 
decreased. 
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Mr. A. A. Brapp! (by letter) —We 
have used fracture testing as part of our 
inspection on forgings for over two years, 
and would like to add the following 
comments: 

The one fault which we have found 
with the use of fracture testing as a con- 
trol over the acceptance of heat-treated 


Fic. 1.—S.A.E. 4340 Steel which Was Severely 


Overheated During Carburizing. 


forgings has been with forgings fabricated 
from heats of low hardenability. Since 
the fracture coupon is usually of smaller 
cross-section than the actual forging, we 
have found that some heats show com- 
pletely acceptable fractures and surface 
hardnesses, yet tension tests on bars 
machined from the forgings failed to 


Laboratory Director, Remington Rand, Inc., Propeller 


, Johnson City, N. Y. 


D 


7 DISCUSSION 


comply with specification requirements. 
The obtaining of satisfactory tensile re- 
sults from test bars machined from a 
heat-treated bar of the same cross-sec- 
tional area as the forging intended to be 
fabricated from the heat of steel did not 
give adequate assurance that all forgings 
made from that heat, showing acceptable 


Fic. 2.—Same Steel asFig.1. After Normalizing 
at 1650 F., Hardening at 155 F., and Drawing 
at 900 F. 


surface Brinell hardnesses and satisfac- 
tory fractures, would meet the tensile 
requirements of the specification. This 
may be due to variation in quenching 
practice between that given the test bar 
and that given to the actual forgings, or 
variation in hardenability throughout a 
heat. 

Examination of approximately 200,000 4 
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fractures from hundreds of different 
heats of steel have not revealed any to be 
of the “facet” type. 

Our tests confirm the finding of the 
authors that the Widmanstitten struc- 
ture produced by overheating S.A.E. 
4340 steel does not persist through heat 
treatment. The accompanying Fig. 1 
shows a sample of S.A.E. 4340 steel which 
was severely overheated during carburiz- 
ing for the determination of the 
McQuaid-Ehn grain size, due to the fail- 
ure of the temperature regulator. The 
accompanying Fig. 2 shows the same 
piece of steel after normalizing at 1650 
F., hardening at 1550 F., and drawing 
at 900 F. 

Mr. C. H. Loric? (by letter)—The 
paper gives an excellent description of 
the fracture appearance of steels char- 
acterized by the presence of large facets 
in a normal, fibrous heat-treated struc- 
ture. Repeated reference is made to 
“grain coarsening” when speaking of the 
presence of the large facets, and while the 
authors explain that the facets are 
“ghosts” of the coarse grains which exist 
at the forging temperature, the casual 
reader is prone to reason that the facets 
are evidence of coarse grains that persist 
after heat treatment. Such is not the 
case. There is no evidence that the 
coarse grains do persist. What is more 
obvious, the “ghosts,” referred to by the 
authors, apparently show the existence 
of surfaces of weakness which were aus- 
tenitic grain boundaries at forging heat 
(probably surfaces where constituents 
deleterious to the strength of the metal 
have precipitated during the heating 
cycle for forging). On subsequent heat 
treatment, the structure of steels showing 
the coarse facets is refined as thoroughly 
as is the structure of steels that do not 
show the facets. The difference is that, 
on fracturing, the fracture of steels sus- 


2 Supevisins Metallurgist, Battelle Memorial Inst., 
Columbus, Ohio, 
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ceptible to coarse facet formation may 
follow certain paths offered by weakened 
surfaces that formerly outlined the aus- 
tenite grain existing at forging heat. 
The presence of the facets is, therefore, 
no indication that the steels are coarse 
grained after heat treatment. 

The authors do not attempt to explain 
the cause or causes for the large facets. 
It would seem necessary in undertaking a 
study of the causes for the fracture to 
consider the melting practice, and par- 
ticularly the deoxidation procedure and 
its influence on the distribution of sulfides 
and other nonmetallics in the steel. 

Mr. A. L. Rustay’ (by letter).—The 
fracture test has been of considerable 
practical importance in controlling and 
improving forging practice, but the ap- 
plication of the test to a particular forg- 
ing should be approached intelligently. 
The test coupon must be of the correct 
size and shape and must be located so 
that it reflects the least desirable forging 
condition that may exist at any time. It 
must be given the proper amount of hot 
work in each die impression so that it 
duplicates the hot work done on the 
forging. At the same time, these con- 
siderations must not be interpreted so 
that it becomes more difficult to produce 
the test piece than the forging. On page 
435 of the paper, in their discussion of the 
metallographic study of grain coarsening, 
the authors mentioned the Wesley- 
Austin* reagent. We have used the 
Wesley-Austin etchand, an electrolytic 
hydrochloric acid etch, alkaline sodium 
picrate electrolytically in an attempt to 
identify the grain boundary material 
without much success. The accompany- 
ing Fig. 3 shows a typical metallographic 
structure obtained with the Wesley- 
Austin etch on a fracture corresponding 
to Fig. 4(a) of the paper. There is some 


3 Wyman-Gordon Co., Worcester, Mass. : 

4 “First Report of the Alloy Steels Research Commit- 
tee,” Sec. X, p. 189, published by the British Iron and 
Steel Institute. 
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indication that the Wesley-Austin etch 
will show the beginnings of coarse grains 
when a normalized, quenched-and-drawn 
steel shows no visible facets but has a 
smooth, uniform, matte fracture. The 
reference quoted is an interesting study 
of the problem of overheating and burn- 


@ 


ing and offers an explanation of the 
mechanism. We do not feel that the 
authors’ explanation necessarily applies 
to overheating and grain coarsening al- 
though it may be the proper explanation 
of the formation of excessively coarse 
grains due to actual burning. 

It would be interesting and of value to 
forging establishments if the occurrence 
of the grain coarsening could be placed 

a}particular place in the forging or 


Fic. 3.—Typical Metallographic Structure Obtained with the Wesley-Austin Etch. 


heating operations. At present, it ap- 
pears as though it may occur at different 
times during the forging sequence for 
different jobs and it is somewhat difficult 
to predict when a job is apt to show this 
grain coarsening. It should be noted 
that contrary to the authors’ opinion, we 


have observed that S.A.E. 3312 type 
steel seems to behave somewhat differ- 
ently than 4340 or medium carbon alloy 
grades. The facets or euhedrons are fre- 
quently much finer in appearance, and 
sometimes a fracture that has a smooth 
matte appearance to the eye will show 
numerous, but quite small euhedrons 
when examined under a binocular micro- 
scope at about ten magnifications. 

On page 438, the authors describe work 


y 
d 
j 
t. | 
| 
in | 
Ss. 
he 
tic 
im 
to 
‘jal 
hic 
ing 
me 
mit- 
and | 


444 DISCUSSION ON FRACTURE TESTING OF ALLOY STEELS | 


that they have done to demonstrate that 
the cooling rate from the forging tem- 
perature has no effect on the final frac- 
ture appearance. Based on a limited 
amount of work, it seems as though this 
experimental work should be repeated 
because discrepancies have been observed 
in attempting to duplicate the author’s 
results. 

If the authors’ work can be confirmed 
and it can be proven that 20 per cent re- 
duction of area is sufficient to refine mild 
coarsening, then we will have a very good 
rule of thumb to use in setting up jobs 
for production forging. In other words, 
the parts should receive about 20 per 
cent reduction after the last reheat. 

Mr. H. B. FERNALD? (by letier).—The 
findings presented in this paper agree 
substantially with the results obtained at 
the Cincinnati plant of the Wright Aero- 
“nautical Corporation. In fact, the au- 
thors have gone considerably further 
than we have in some phases of their 
investigation. 

Although their statement that “the 
fracture standards and most of the dis- 
cussion on fractures are generally appli- 
cable to other alloy steels such as $.A.E. 

2515 (AMS 6242) and S.A.F. 3312 (AMS 

6250)”’ is probably true, it is suggested 
that the carburizing type of steels present 
some differences from the through hard- 
— ening types and that a certain amount of 

direct substantiation should be obtained 
before applying these data indiscrimi- 
nately. Furthermore, it is not ordinarily 
’ feasible to set up an absolute acceptance 
and rejection standard for all cases; it is 
sometimes possible that a slightly greater 
degree of grain coarsening can be tol- 
erated in some applications than in 
others, although none of it is desirable. 

In the use of a tong hold or other inte- 
-grally forged fracture specimen, great 

- care must be exercised to assure that such 


® Laboratory Manager, Cincinnati Plant, Wright Aero- 
~ nautical Corp., Cincinnati, Ohio. 


a specimen truly represents the worst 
conditions to be found in the forging 
proper, as pointed out in this paper. In 
this connection, we should like to see a 
paper summarizing the experience in re- 
lating surface conditions with internal 
structure; admittedly such a study does 
not lend itself to scientific treatment at 
the present time, but some correlation is 
possible. 

All in all, the authors have done a 
commendable piece of work and should 
be warmly congratulated. 

Mr. Joun M. (by letter) — 
The paper by Messrs. Haworth and 
Christian is a very valuable contribution 
to the literature of the forging and heat 
treatment of alloy steels. 

The question which interests the engi- 
neer is to what extent such grain coarsen- 
ing reduces the fatigue strength. Al- 
though some fatigue results obtained by 
the writer are contained in the paper it 
may be of interest to add some additional 
values obtained on S.A.E. 4340 steel. 

lor the unnitrided state and a normal 
condition the endurance limit value for 
the bar with stress concentration shown 
in Fig. 26 of the paper was found to be 
+28,000 psi., the corresponding tensile 
strength being 156,000 psi. With similar 
steel, coarsened at 2550 F., giving a frac- 
ture similar to that shown in Fig. 32(¢ 
the endurance limit was found to be un- 
changed at a value of + 28,000 psi. 

It therefore appears that the fatigue 
strength under stress concentration is not 
affected by the degree of coarsening. 

Mr. E. L. BartHotomew, Jr.’ (by 
letter) The authors are to be compli- 
mented on making this contribution to 
fracture testing of alloy steels. It is 
hoped that this work will be continued s0 
that a better understanding of the under- 


6 Associate Proiessor of Mechanical Engineering, Mas 
sachusetts Institute of Technology, Cambridge, Mass 

7 Assistant Professor of Mechanical Engineering, Ma 
sachusetts Institute of Technology, Cambridge, Mass 
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lying causes of grain coarsening in such 
steels will be forthcoming. 

Some studies have been made by the 
writer at the Massachusetts Institute of 
Technology in collaboration with Prof. 
J. M. Lessells and on the basis of this 
work the following contributions are 
made to this discussion. 

Steels heated for hot working attain 
their largest austenite crystal size at the 
top forging temperature. For the same 
temperature this size may well vary from 
heat to heat of the same type of steel. 
However, it seems that the fracture of the 
subsequently heat-treated specimens 
may not only indicate coarsening tenden- 
cies in some cases but the extent to which 
the heat treatment was successful in 
effecting a refinement. Is it possible 
that one heat of steel which develops a 
prohibitively coarse austenite at forging 
temperature might be completely refined 
by heat treatment while another heat of 
the same steel developing a lesser aus- 
tenite crystal size at the same forging 
temperature under similar conditions 
might be incompletely refined by heat 
treatment? In other words, is it true 
that steels may show different suscepti- 
bility to coarsening as well as varying 
response to refinement by subsequent 
heat treatment? Figure 31 of the paper 


might serve as an illustration of this 
point. The steels shown were heated 
and probably cooled similarly. They 
were then quenched, drawn, and frac- 
tured. From the photographs it appears 
that the size of the large facets is approxi- 
mately equal in the three steels. The 
striking difference is the variation in the 
number of these facets remaining after 
heat treatment. It might be interesting 
to determine the actual austenite grain 
size attained in these four steels after 
simply holding at 2400 F. and cooling. 
The authors state that quenching and 
drawing was used, “to accentuate the 
difference between the heats.” To what 
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extent does this heat treatment indicate 
the readiness of the coarse austenite to 
be refined? 

The preceding thoughts should not be 
considered as questioning the adequacy 
of the test for its intended purpose. The 
authors have verified its utility under 
production conditions. Rather, it is the 
object of this discussion to inquire into 
the behavior of the steels and the signifi- 
cance of the fracture. With this objec- 
tive in mind, the writer carried out an 
investigation on some of these same steels 
in an attempt to reveal microscopically 
the actual high temperature austenite 
grain size. Both Wesley-Austin and 
Vilella etching reagents were used in this 
study. A technique was developed 
whereby the Wesley-Austin etch could 
be used successfully on certain of the 
steels possessing suitable conditions of 
prior treatment. In an_ unpublished 
report on the subject representing work 
done in collaboration with Prof. J. M. 
Lessells, the following conclusions were 
made. 

1. The prior austenite grain size is suc- 
cessfully revealed in S.A.E. 3312 steel 
with the Wesley-Austin etch only where 
the steel has been heated above its appar- 
ent ‘‘coarsening temperature.” 

2. All steels (S.A.E. 3312, 4340, and 
2515) which had simply been heated to a 
given forging temperature, soaked for a 
definite interval and then allowed to air 
cool without any forging were less satis- 
factorily etched to show austenite struc- 
ture with the Wesley-Austin etch than 
in cases where either forging or heat 
treatment, or both, followed the initial 
high-temperature heating. 

3. All of the steels which were heated 
to the forging temperature, air cooled or 
forged and in either case finally heat 
treated, showed with Vilella’s etch only 
the actual austenite grain size developed 
by heat treatment even where coarse 
crystals were evidenced by the fracture 
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4. The Wesley-Austin etch in all cases 
cited above brought out the persistence 
of austenite structure resulting from 
heating for forging, or forging, and not 
the grain size resulting from subsequent 
heat treatment. 

5. The S.A.E. 2515 steel was the most 
difficult of the steels to etch and the 
Wesley-Austin etch is not considered 
adequate, at least on the sample of this 
steel available for experimentation. 

6. The Wesley-Austin etch will in cer- 
tain instances bring out coarse prior 


(a) S.A.E, 3312 steel. Heated to 2400 F., 1 hr.; forged; 


F.; tempered at 400 F. 


austenite structures in regions showing a 
fine fracture. This is particularly true of 
fractures made along the fiber or direc- 
tion of metal flow resulting from forging. 
7. The persistence of high-temperature 
austenite structure revealed by the Wes- 
_Jey-Austin etch and as large facets in the 
fracture tests of S.A.E. 3312 and 4340 
_ might be attributed to the presence 
of a form of carbide which locates and 
— in the boundary regions of the 
high-temperature austenite structure. 
The accompanying Fig: 4 illustrates 
the effectiveness of the Wesley-Austin 


air cooled; normalized 3 hr. at 1700 F.; oil quenched at 1500 
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etch in revealing prior austenite bound- 
aries even after heat treating. 

It is the writer’s intention to continue 
this work in an attempt further to clarify 
coarsening behavior, forging effects and 
the role of heat treatment in the refine- 
ment of coarsened steels of this type. 

Messrs. A. F. CHRISTIAN AND R, 
Hawortu (authors’ closure by letter). 
The authors appreciate very much the 
comments on their paper. The trouble 
experienced by Mr. A. A. Bradd—im- 
proper correlation between the fracture 
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(b) S.A.E. 4349 steel. Heated to 2400 F., 4 hr.; air 
—_ normalized; oil quenched at 1550 F.; tempered at 
1100 F, 


Fic. 4.—Wesley-Austin Etch (X 50). 


coupon and the forging proper—may 
well be due to low hardenability mate- 
rial. It may also be due to unequal 
amounts of reduction during the final 
forging operation. The reduction of the 
smaller diameter test coupon may have 
been sufficient to break up the coarse 
grains, whereas the forging proper was 
not worked sufficiently to accomplish 
the same results. The fracture cou- 
pon should be so designed that the 
amount of reduction during the final 
forging operation will be equivalent to 
that of the forging proper. 
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With regard to satisfactory accept- 
ance tests being no guarantee that the 
forgings themselves would pass custom- 
ers’ requirements, preliminary tests 
should be made on samples from the 
high and low points of the heat thereby 
taking care of any variation in hardena- 
bility. It is important that the forgings 
be given at least as thorough a quench as 
the test coupons. An occasional check 
on a forging should give assurance that 
they will be satisfactory. 

Mr. Lorig has clearly described the 
mechanism of facet formation. In ad- 
dition to the evidence of coarse grains at 
the forging temperature as shown by the 
fracture, both Messrs. Rustay and Bar- 
tholomew have brought out such grain 
boundaries with the Wesley-Austin etch. 
Melting practice undoubtedly has con- 
siderable influence on grain coarsening 
temperatures and facet formation. 

Mr. Rustay has emphasized the im- 
portance of test coupon size and location 
and the intelligent interpretation of 
fracture appearance. Mr. Fernald also 
emphasizes this point. We agree that 
the facets of S.A.E. 3312 steel are gener- 
ally finer than that of the medium car- 
bon-alloy grades. 

In reply to Mr. Rustay’s contention 
that cooling rate from the forging tem- 
perature may affect the facet appearance 
after subsequent heat treatment, we wish 
to state that we performed the same 
experiment on S.A.E. 3312 steel and ob- 
tained entirely different results than we 
did on S.A.E. 4340. In the case of 
S.A.E. 3312, oil quenching from 2540 F. 
showed almost complete suppression of 
the facets whereas on air cooling numer- 
ous large facets appeared. We do not 
know if this difference is characteristic 
of the two types of steels or simply pecu- 
liar results obtained in our two experi- 

ments. In either case, the information 
is of little practical importance since 
quenching from the forging temperature 
is impractical. 


Although we have not attempted a 
correlation between surface appearance 
and internal structure, it is our observa- 
tion that coarsening must be quite se- 
vere before it can be noted on the surface ~ 
in the form of “chicken wire”’ structure. 

We appreciate Mr. Lessells’ confirma- 


tion that a considerable amount of grain — 


coarsening does not affect fatigue 
strength under stress concentration. 


Since the majority of aircraft engine — 


failures are in fatigue, this statement 
should alleviate the worries of aircraft 
metallurgists on this point. 

Mr. Bartholomew’s point in question- 
ing whether the coarse grains produced 
at the forging temperature of one heat 
might not be refined to a greater extent 
than those of another heat during subse- 
quent similar heat treating operations 
has been investigated. The four heats — 
shown in Fig. 31 were carburized at 
2300 F. and slowly cooled. There was 
no appreciable difference in the size of 
the grains produced by this treatment 
which were of the order of (—1) and 


the word only in the statement “To 
accentuate the difference between the 
heats, the fractures shown in Fig. 31 were 
quenched and drawn only.” The sam- 
ples were given the least heat treatment 
possible to bring out grain coarsening. 


(—2). However, considerable  differ- 
ence in fracture appearance was pro- 
duced by the subsequent heat treatment | 
as shown in Fig. 31. 
Mr. Bartholomew evidently missed . 


A prior normalizing treatment would — 


have caused some grain refinement and 
less contrast in fracture appearance. 
The authors are in agreement with the 
conclusions in the discussion, and are 
pleased to note that the Wesley-Austin 
etch has been successfully used by others 
to bring out the boundaries of grains 
found during the heating and forging 
operations. 
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temperature. 


The mechanical properties to be con- 
sidered are: resistance to plastic de- 
formation, resistance to fracture, and 
ductility. The resistance of a metal to 
plastic deformation cannot be completely 
represented by a single stress value. It 
is a function of the three principal 
stresses,” and varies with the tempera- 
ture, amount of plastic deformation, and 
rate of deformation. As shown in 
previous papers by the authors (4-9),* the 
technical cohesive strength of a metal, 
its resistance to fracture, is also a func- 


1 Chief of Section of Thermal Metallurgy and Metallur- 
gists, respectively, National Bureau of Standards, Wash- 
ington, D. C. 

2 Any stress system may be resolved into three principal 
stresses normal to three mutually perpendicular planes 
known as the “principal planes,” on which there is no 
shearing stress. Tensile stresses are viewed as positive 
and compressive stresses as negative. In this paper, as 
in the previous papers (4-9), the algebraically greatest 
principal stress will be designated Si, the least principal 
stress will be designated S3, and the intermediate principal 
stress be designated So. 

3 The boldface numbers in parentheses refer to the list 
of be a in appended to this paper, see p. 463. 
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By D. J. McApam, Jr.,! G. W. anp R. W. Mess! 


THE EFFECT OF COMBINED STRESSES ON THE MECHANICAL 
PROPERTIES OF STEELS BETWEEN ROOM TEM- 
PERATURE AND —188 C. 


SYNOPSIS 


‘Tension tests were made of unnotched and variously notched specimens 
of carbon steels and alloy steels at several selected temperatures between 
room temperature and that of liquid air (—188C.). 
with results obtained with some non-ferrous metals. 
diagrams of various types, which reveal the influence of combined stresses 
and stress concentration on mechanical properties at various temperatures. 
Other diagrams show the quantitative variation of these properties with 


Comparison is made 
Results are presented in 


The accelerated increase of the yield stress and decrease of ductility of iron 
and steels with decrease of temperature is anomalous. A 
shows not more than 75 per cent increase of yield stress and no decrease of 
ductility with decrease from room temperature to —188 C. 


“normal” metal 


tion of the three principal stresses. 
These papers also show that plastic de- 
formation and temperature affect the 
technical cohesive strength about as 
much as they affect the flow stress.‘ 
Moreover, there is scattered evidence 
that the rate of deformation also affects 
the technical cohesive strength about as 
much as it affects the flow stress. 

For a specific temperature, amount of 
prior plastic deformation, and rate of de- 
formation, the technical cohesive strength, 
of a brittle metal may be represented by 
a curved surface in a diagram with the 
three principal stresses as coordinates, 
and the initial technical cohesive strength 
of a ductile metal may be pictured ap- 
proximately by a similar curved surface 
outside the surface representing yield, 


4 “Flow stress” is here used in its generally accepted 
- ree to designate the greatest principal stress at 
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but inside the surface representing frac- 
ture after the. varying plastic deforma- 
tion. Any point on a technical cohesion 
surface represents a fechnical cohesion 
limit. 

In this paper, attention will be con- 
fined to stress combinations with S» equa! 
to S3, that is, combinations that are 
produced by tension tests of notched 
cylindrical specimens. The paper pre- 
sents results of tension tests of specimens 
with various notches, at several tempera- 
tures between room temperature and 
—188 C. The results are shown in dia- 
grams revealing the influence of notches 
and temperature on yield stress, ultimate 
stress, true breaking stress, and ductility. 
Asa notch ina specimen under longitudi- 
nal tension tends to cause both trans- 
verse radial tension and stress concen- 
tration, the results reveal the influence 
of both these variables on the mechanical] 
properties of steels. 

A study is thus made of the simultane- 
ous influence of the stress combination, 
stress concentration, and low tempera- 
ture in causing brittleness. Brief con- 
sideration is also given to the influence 
of the rate of strain. 


METHOD OF INVESTIGATION, SPECIMENS, 
AND MATERIALS 


Stress combinations with S, equal to 
5; would be produced if a cylinder could 
be subjected to combinations of uniform 
axial and radial tensile stresses. The 
uniform radial stress may be resolved 
into two equal principal stresses, with 
the mutually perpendicular directions 
rotatable around the axis of the cylinder. 
With an unnotched specimen, such a 
stress system cannot be readily obtained 
experimentally. When a notched cylin- 
drical specimen is subjected to longitudi- 
nal tension, however, the minimum sec- 
tion is under transverse radial tension 
6). The mean radial.stress tends to 


increase with the depth and sharpness 


| of the notch, but is always less than the 
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longitudinal stress. The greatest prin- 
cipal stress (.S,), therefore, is longitudinal. 
By the use of notched specimens, it is 
possible to investigate the influence of 
the radial stress ratio (S3/5,) on the 
yield stress, ultimate stress, breaking 
stress, and ductility. A notch also tends 
to induce stress concentration. The 
concentration of longitudinal stress is 
initially greatest at the periphery of the 
minimum section. Even slight plastic 
deformation, however, greatly diminishes 
the initial stress concentration. By the 
use of properly designed notched speci- 
mens, therefore, the influence of stress 
concentration is minimized and the in- 
fluence of the radial stress ratio is re- 
vealed, as shown in this paper and in 
previous papers (6-9). 

In the investigation to be described, 
deep notches were used so as to minimize 
stress concentration and reveal the effect 
of the radial stress ratio. The notches 
were all of about the same depth (k = 
about 0.16),5 but the notch angle varied 
between 170 deg. and 45 deg. and the 
root radius varied from 0.01 in. to 0.08 
in. Most of the notched specimens were 
about 6 in. long; those having large notch 
angles were necessarily somewhat longer. 
The ends of the specimens were threaded 
to ~ in. in diameter. Between the 
threaded ends, the specimen was ma- 
chined to a selected uniform diameter, 
and a circumferential V notch of selected 
angle and root radius was machined at 
the midsection. The notch was carefully 
machined so that the conical sides of the 
notch were tangent to the arc at the 
root. Care was also taken to avoid 
heating, bending, or appreciable cold 
work during the machining. 

The principal metals used were carbon 
steels. An0.11 per cent carbon steel and 
a 0.42 per cent carbon steel were tested 
in the annealed condition. Long cylin- 


5 Notch depth is expressed in terms of the relative area 
(k = b2/B2) of the minimum cross-section, where 6 and 

represent the minimum and maximum radii of the section, 
respectively. Thus the greater the notch depth, the 
smaller is the value of k. 


e- | 

he 

as 

s.4 

“ts 

as . 

of | 

le- 

th, | 

by 

the 

eS, 

sth 

ap- 

ace 

Id, 

pted 

ss at 


aienbs 
£°0 ose ose | “yp 10°0> pjoo Vi Koyye uy saddo.) 
= 
a oq 
a 10°0 $00°0 ees eee ees eee eee 10°0 tee £7'0 yal I HV 
> 


‘SIVLAW AO 


| 
all 
| 
hy 
- 


| On EFFECT OF COMBINED STRESSES ON STEEL AT Low TEMPERATURES 451 


drical rods of cold-drawn 0.12 and 0.57 
per cent carbon steels were given addi- 
tional cold work by being extended in a 
tension machine until they began to 
contract locally. A series of specimens 
were thus obtained in an approximately 
uniform, cold-worked condition from 
sections of each rod away from the 
necked portion. The results obtained 
with these steels were supplemented with 
results obtained with a few other carbon 
steels and some alloy steels. Compari- 
son is also made with results obtained 
with non-ferrous metals. 


Section of the National Bureau of 
Standards in extending the long carbon 
steel rods, and to Miss Frances J. Crom- 


well for making the drawings for the 
illustrations. 


INFLUENCE OF NotcH ANGLE AND Root 
RADIUS ON STRENGTH AND DUCTILITY 
OF STEELS AT VARIOUS TEMPERATURES 


The Transverse Radial Stress and Stress 
Concentration Induced by a Notch, and 
Their General Effects on Mechanical 
Properties: 


Figures 1 to 8 show the influence of the 
notch angle and the root radius on the . 


TABLE Il.—HEAT TREATMENT. 


Temper- Temper- 
Time Time 
Material Designation | *4Ur | Held, Cooled in | *tUf€ | Held, | Cooled in 
| deg. deg. 
| Fahr. Fahr 
0.029% carbon steel................ AF-17 | 1700 
0.11% carbon steel................. CA-16.5 1650 1 Furnace 
AG-17 1700 1 Furnace 
AG-W-9 1700 1 Water 900 1 Air 
0.20% carbon steel............... “2 T-W-9 1625 1 Water 900 2 Air 
©.297, carbom steel................. AH-16.5 1650 1 Furnace 
0.42% carbon Ee See Ae CE-15.5 1550 1 Furnace 
Z-14.7 1475 5/6 Furnace 
Z-0-10 1475 Vy Oil 1000 | 1 Air 
13%, Cr, 2% Ni steel E-12.4 12404 Furnace | | 
AZ-A-13.5 1750 % Air 1350 1% | Furnace 7 
well N-8 800 5 | 
B-12 12000 | 15 | 
Monel metal........... G-14 1400 1 Water 


® Heat treated by manufacturer. 


All the metals were in the form of 
round rods. A description of the metals 
is given in Table I and details of heat 
treatment are given in Table II. Fora 
description of the apparatus and method 
of testing, especially at low temperatures, 
reference may be made to a previous 
paper (6). 

Acknowledgment is due to George F. 
Comstock, Titanium Alloys Co., for sup- 
plying the specimens of a low-carbon 
titanium steel and to J. G. Thompson 
and H. E. Cleaves of the National Bu- 
reau of Standards for supplying the high- 
purity iron. The authors likewise ac- 
knowledge the assistance given by L. R. 
Sweetman of the Engineering Mechanics 


yield stress, ultimate stress, breaking 
stress, and ductility of four carbon steels 
at various temperatures. These _illus- 
trations are of two types, which are 
arranged in pairs for convenient correla- 
tion. Figures 1, 3, 5, and 7 show the 
influence of notches on yield stress, ulti- 
mate stress, and breaking stress.6 Each 
curve shows the influence of the notch 
angle (w) on ultimate stress or breaking 
stress, for the indicated constant root 
radius (r). Nocurves of variation of the 


Values of ultimate stress are designated in these 
figures by open symbols, true breaking stresses by solid 
symbols. A separation of the upper and lower portion of 
the symbol representing yield stress indicates that corre- 
sponding values of the upper and lower yield stress were 
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yield stress are shown, because this 
stress was not accurately revealed when 
the notch angle was less than about 120 
deg. Comparison of the curves in a 
diagram reveals the influence of the root 
radius. ‘The ultimate stress values rep- 
resented are nominal stresses, that is, 
stresses based on the original area of the 
minimum cross-section. Breaking 
stresses are mean values based on the 
area of cross-section after fracture. 
When fracture occurred before the load 
reached a true maximum, the nominal 
stresses are indicated by the same sym- 
bols that are used for ultimate stresses, 
but the “prematurity” of the fracture is 
also indicated. 

Figures 2, 4, 6, and 8 show the influ- 
ence of notches on the relation between 
breaking stress and ductility. Ductility 
is expressed in terms of Ay/A, in which 
Ay and A represent the initial and final 
areas of the minimum cross-section (6). 
As values of Ao/A are represented on a 
logarithmic scale, abscissas represent 
true strains. Each ascending broken 
line in Figs. 2, 4, 6, and 8 extends from 
i point whose ordinate represents the 
ultimate stress to a point representing 
the breaking stress and ductility. Each 
ascending line thus represents approxi- 
mately the variation of the mean flow 
stress of a notched specimen between 
maximum load and fracture. Curves F 
represent the variation of the flow stress 
during the test of an unnotched speci- 
men; curves Fy» represent qualitatively 
the variation of the unidirectional flow 
stress. 

The course of a curve of yield stress or 
ultimate stress in Figs. 1, 3, 5, and 7 is 
the resultant of two opposing variables 
dependent on the notch angle. These 
variables are the radial stress ratio (.S3/.S;) 
and the stress concentration. Both the 
radial stress ratio and the theoretical 
(initial) stress concentration increase 
continuously with decrease in the notch 
angle, and this variation is qualitatively 
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a 


similar to the variation of the ultimate 
stress (Figs. 1, 3, 5, and 7). Moreover, 
the radial stress ratio and the initial 
stress concentration both increas2 with 
decrease in the root radius (6-9). Even 
slight plastic deformation, however, re- 
moves most of the concentration of 
longitudinal stress and thus reveals the 
influence of the radial stress ratio. The 
increase of the radial stress ratio with 
decrease of the notch angle tends to cause 
a continuous rise of a curve of yield stress 
or ultimate stress. Any concentration of 
longitudinal stress remaining at yield or 
at highest load, however, decreases the 
mean stress, and thus opposes the rise of 
a curve of yield stress or ultimate stress. 

The course of a curve of breaking 
stress in Figs. 1, 3, 5, or 7 is the resultant 
of three variables dependent on the notch 
angle. Two of these are the same 
variables that affect the ultimate stress. 
The third variable is the ductility, which 
decreases continuously with decrease in 
the notch angle. The continuous in- 
crease in the radial stress ratio with de- 
crease in the notch angle tends to cause 
a continuous rise of a curve of breaking 
stress, but any concentration of longi- 
tudinal stress at fracture tends to de- 
press this curve. The continuous de- 
crease of ductility tends to cause a con- 
tinuous descent of a curve of breaking 
stress.’ Any rise of a curve in Figs. 1, 
3, 5, and 7, therefore, reveals a dominant 
influence of the radial stress ratio. 

In Figs. 2, 4, 6, and 8, each curve of 
variation of the breaking stress is quali- 
tatively similar to those in the corre- 
sponding Figs. 1, 3, 5, and 7, in that each 
curve rises from Py under the dominant 
influence of the increasing radial stress 
ratio, but eventually descends under the 
dominant influence of one or both of the 


7 As shown in previous papers (4-9), plastic extension 
causes a continuous increase in the technical cohesive 
strength, and thus tends to cause an increase in any spe- 
cific technical cohesion limit. A decrease in the total 
deformation at fracture would have the opposite effect. 
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other variables (increasing stress concen- 
tration and decreasing ductility). Each 
flow stress line also is influenced by the 
relative magnitudes of the radial stress 
ratio and the stress concentration. With 
decrease in the notch angle, the curve of 
flow stress is elevated because of the 
dominant influence of the increasing 
radial stress ratio. When the angle is 
decreased below a certain value, how- 
ever, the influence of the increasing 
stress concentration prevents further 
elevation of the flow stress line. The 
continuous decrease in ductility, caused 
by the increase of the radial stress ratio 
and the stress concentration, moves the 
point representing fracture downward 
along the flow-stress line. 

If it were possible to obtain a quanti- 
tatively correct measure of the ductility 
(page 18 of reference 6) and if no con- 
centration of longitudinal stress existed 
at fracture, the course of a curve of 
breaking stress in a diagram of the type 
shown in Figs. 2, 4, 6, and 8 would de- 
pend on only one factor, the radial stress 
ratio. The relation between breaking 
stress and ductility, as affected by vary- 
ing the radial stress ratio, would then be 
represented by a single curve. Curve 
L, the ideal locus of fractures, represents 
qualitatively the variation of the true 
ductility and true breaking stress with 
variation of the radial stress ratio. 


Fhe Tensile Properties of Carbon Steels 
as Affecied by Notches and by Low 
Tem perature: 


Attention will be given first to three 
pairs of correlated diagrams in Figs. 1 to 
6, the pairs representing results obtained 
at room temperature. With decrease 
in the notch angle, the curves of ultimate 
stress (Figs. 1(a), 3(a), and 5(a)) rise con- 
tinuously because of the increasing radial 
Stress ratio. Near the top, however, 
these curves are depressed somewhat by 
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the increasing stress concentration. The 
breaking stress curves in these diagrams 
and in the correlated diagrams (Figs. 2(a), 


4(a), and 6(a)) rise from Po because of the — 


increasing radial stress ratio. After the 


(Figs. 1(a) and 2(a)), the influence of 
these two variables nearly counter- 


balances the influence of the radial stress — 


ratio, and thus causes the curves of 
breaking stress to take a nearly hori- 
zontal course from the end of the initial 
rise to the point where the curves turn 
downward under the combined influence 
of the decreasing ductility and increasing 
stress concentration. For the annealed 
0.42 per cent carbon steel (Figs. 5(a) and 
6(a)), the decreasing ductility causes a 
dip in the breaking stress curve after the 
initial rise. As the ductility decreases, 
however, its variation diminishes and 
the influence of the radial stress ratio 
again elevates the curve. Finally the 
decreasing ductility and increasing stress 
concentration become dominant and the 
curves turn downward. Because of 
stress concentration, the breaking stress" 


curves obtained with 0.01-in. root radius 
descend below the curves obtained with 


().03-in. radius (Figs. 1(a), 2(a), 5(a), and 


6(a)). For the same reason, the curve 
of ultimate stress for 0.42 per cent car-— 
bon steel with 0.01-in. radius is lower 


than the curve obtained with 0.03-in. 
radius (Fig. 5(a)). 


The influence of prior cold work is 
revealed by comparison of Figs.1(a@) and 
2(a) with Figs. 3(a) and 4(a). Because 
the prior cold work given to the 0.12 per 
cent carbon steel CBM has diminished the - 
influence of the ductility on the breaking» 
stresscurves in Figs. 3(@)and 4(a), the 


stress ratio predominates throughout 


initial rise, however, the depressing in- 
fluences of the decreasing ductility and 
the increasing stress concentration mani- 
fest themselves in varying degree. For 
the annealed 0.11 per cent carbon steel 


evating influence of the increasing _. 
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most of these curves. If the 0.12 per 
cent carbon steel CBM differed from the 
0.11 per cent carbon steel CA-16.5 only 
in the prior cold work, the unnotched 
specimens of these two steels would have 
about the same breaking stresses, and 
points P would be at about the same 
heightsin Figs.1(@) and 2(a) as in Figs. 
3(a) and 4(a). The curves of breaking 
stresses for the cold-worked steel, however, 
would take the higher course (as they do 
in Figs. 3(a) and 4(a)), and the disruptive 
stress (7;) would be greater for the cold- 
worked than for the annealed steel. 

At low temperatures (diagrams (0), 
(c), and (d) of Figs. 1 to 6) the influence 
of stress concentration becomes prom- 
inent in the curves of ultimate stress and 
in the curves of breaking stress. Stress 
concentration manifests itself in the 
descent of the curves as the notch angle 
is decreased below a certain value (dia- 
grams (bd), (c), and (d) of Figs. 1, 3, and 
5), which tends to increase as the tem- 
perature is lowered. The descent of 
these curves at a decreasing rate is in 
accordance with the variation of the 
stress concentration with the notch an- 
gle. The stress concentration remaining 
at maximum load and at fracture, as well 
as the theoretical stress concentration, 
evidently increases at a decreasing rate. 
The relative values of the stress concen- 
tration and the radial stress ratio, deter- 
mine the course of a curve. Increasing 
the notch radius for the purpose of 
diminishing the stress concentration, 
therefore, does not necessarily raise the 
breaking stress, even at “premature” 
fracture. For example, a curve for 
0.08-in. radius may take a lower course 
than a curve for 0.05-in. radius (Fig. 
3(6)), and a curve for 0.05-in. radius may 
take a lower course than a curve for 
0.03-in. radius (Fig. 5(c)).° 


8 The interrupted descent of the curves in Fig. 1 prob- 
ably is due to the fact that when the notch angle was about 
120 deg. fracture occurred just after the drop from the 
upper to the lower yield stresses. 
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For all these carbon steels at low tem- 
peratures (diagrams (b), (c), and (d) of 
Figs. 1 to 6), the breaking stress curves 
show no clear influence of stress concen- 
tration between Po and a point repre- 
senting a certain notch angle, which 
ranges from 120 deg. at —78 C. to 150 
deg. at —188 C. Throughout this part 
of a curve, the course depends almost 
entirely on the variation of the radial 
stress ratio and the associated variation 
of the ductility. As the notch angle is 
decreased below this limiting value, how- 
ever, the influence of stress concentration 
manifests itself in the accelerated descent 
of the curves in diagrams (6), (c), and 
(d) of Figs. 2, 4, and 6. Although the 
notch angle at which stress concentration 
becomes prominent ranges only from 
about 120 deg. to 150 deg., the corre- 
sponding ductility decreases when the 
temperature is lowered from —78 C. to 
—128 C., and decreases to less than 1 
per cent when the temperature is low- 
ered to —188C. At —188 C., this slight 
plastic deformation evidently was sufh- 
cient to eliminate most of the initially 
small concentration of longitudinal stress 
when the notch angle was 150 deg. or 
larger. With decrease of the notch angle 
below 120 deg. or even below 150 deg., 
however, the initial stress concentration 
becomes so great that it cannot be elim- 
inated from these annealed or cold- 
worked carbon steels at low tempera- 
tures, although at room temperature 
most of the initial stress concentration 
can be eliminated when the notch angle 
is as small as 50 deg. (diagrams (a) of 
Figs. 1 to 6). 

As the temperature of these steels is 
lowered, any nonuniformity of stress is 
less easily removed by plastic deforma- 
tion, although the ductility of unnotched 
specimens does not decrease greatly until 
the temperature is lowered below — 128C. 

Figures 7 and 8 show the influence of 
notches on the strength and ductility of 
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a cold-worked 0.57 per cent carbon steel 
at room temperature. These diagrams 
show interesting variations in the relative 
influences of the radial stress ratio and 
stress concentration, and in their effects 
on the breaking stress curves. The 
curves of ultimate stress® rise, with de- 
creasing notch angle, to heights that vary 
with the root radius (Fig. 7). The 
smaller the root radius, the greater is the 
height attained because of the greater 
radial stress ratio, in spite of the fact that 
the stress concentration also tends to 
increase with decrease in the root radius. 
The descent, however, begins first in the 
curve representing 0.01-in. radius and 
later in the curves representing larger 
root radii. The relative variations of 
the radial stress ratio and stress concen- 
tration are revealed more clearly in the 
curves of breaking stress (Figs. 7 and 8). 
These curves also show the influence of 
the third important variable, ductility. 


The breaking stress curves obtained 
with 0.03 and 0.05-in. root radii prac- 
tically coincide throughout their rise 
from P» to the points representing an 


angle of 120 deg. These curves then 
descend to a minimum, again rise, and 
finally descend. The initial rise of these 
curves is under the dominant influence of 
the increasing radial stress ratio, and this 
portion constitutes practically a single 
curve representing the influence of the 
radial stress ratio alone on the relation 
between breaking stress and ductility; 
the influence of stress concentration on 
this part of the curve is negligible. 
When the notch angle is decreased below 
about 120 deg., the influence of stress 
concentration becomes dominant. The 
curves, however, do not descend at an 
increasing rate, as they do in diagrams 


*The term “ultimate stress’”’ is generally applied to 
‘he nominal stress when the load reaches a true maximum. 
¢ term, however, is here used with broader significance 
lesignate the nominal stress at highest load, even when 

¢ fracture is ‘‘premature.” 


(b), (c), and (d) of Figs. 1 to 6; the influ- 
ence of the increasing radial stress ratio 
again becomes dominant, but the stress 
concentration finally dominates as the 
notch angle is decreased below about 
60 deg. 

The curve obtained with 0.01-in. root 
radius diverges from the curves obtained 
with 0.03 and 0.05-in. root radii as the 
notch angle is decreased below about 
150 deg. Although stress concentration 
causes the curve to take this lower 
course, this curve rises higher than the 
other curves because (with 0.01-in. 
radius) the influence of the radial stress 
ratio increased more rapidly than the 
influence of the stress concentration, with 
decrease in the notch angle. With de- 
crease of the angle below 75 deg., how- 
ever, the influence of the stress concen- 
tration finally dominates. 

The curve obtained with 0.08-in. 
radius takes a lower course throughout 
than the other curves. Although the 
stress concentration is less with this 
notch than with those having the smaller 
radii, the radial stress ratio is also less, 
and the influence of the radial stress 
ratio evidently is less in relation to the 
influence of the stress concentration. 

In Fig. 8, the depressing influence of 
stress concentration has caused the 
crumpling of the curves obtained with 
0.03 and 0.05-in. root radii as the notch 
angle is decreased below about 120 deg. 
This crumpling is due not only to de- 
pression of the entire flow stress lines 
obtained with notch angles less than 120 
deg. but also to movement of the points 
representing fracture downward along 
the flow stress lines. Ductility thus is 
decreased not only by the increase of the 
radial stress ratio but also by the 
increase of the stress concentration. If 
the radial stress ratio could be increased 
from zero to 1.0 without concentration 
of longitudinal stress, the breaking stress 
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probably would vary approximately as 
indicated in Fig. 8 by curve L, and the 
disruptive stress would be represented 
approximately by 7}. 
It is worthy of note that with the 
widely varying notched specimens and 
widely varying ductilities represented in 
Fig. 8, the mean stresses at fracture were 
all higher than those obtained with an 
unnotched specimen. With many of 
; the notched specimens, the mean stresses 

at yield were much greater than the mean 
stress in an unnotched specimen at frac- 
ture. Similar results were obtained 
with the other cold-worked steel at room 
temperature (Fig. 4 (a))and with the an- 
nealed steels at — 188 C. (Figs. 2 (d) and 6 
(d)). With the annealed 0.42 per cent 
carbon steel (Fig. 6 (d)) all but one of the 
notched specimens gave breaking stresses 
higher than that of the unnotched spec- 
imen: this diagram, therefore, shows 
the influence of transverse radial stress 

in raising the technical cohesion limit 
above the value for unidirectional ten- 
sion. 


TECHNICAL COHESIVE STRENGTH OF 
CARBON STEELS AS AFFECTED BY Low 
TEMPERATURE AND BY PLASTIC 
DEFORMATION 


When S2 is kept equal to S3, the 
strength of a metal may be represented 
by a diagram with axial stresses as 
ordinates and radial stresses as abscissas. 

- Diagrams of this type have been shown 
in the previous papers (4-9). Diagrams 
of the same type for a low-carbon steel 
are shown in Figs. 9 and 10. These dia- 
grams are assumed to be free from the 
distorting influence of stress concentra- 
tion; they are qualitative representations 
of the strength of this steel in terms of 
uniform axial and radial stresses. The 

values of S3 used in constructing these 
diagrams cannot be obtained directly 

from the: ‘Tesults of tests of notched 
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specimens, but must be based on an 
empirical assumption of a linear varia- 
tion of S3/S, with the ultimate stress 
(6, 7). 

Each of the radiating broken lines in 
Figs. 9 and 10 is the locus of points rep- 
resenting the indicated constant value 
of the radial stress ratio; line H is the 
locus of points representing polarsym- 
metric stress (S; = S2 = S3). 

Each of the two subdivisions of Figs, 
9 and 10 contains a diagram representing 
the strength of the annealed 0.11 per cent 
carbon steel CA-16.5 and a diagram 
representing the strength of the cold- 
worked 0.12 per cent carbon steel CBM. 
Each diagram contains a curve L repre- 
senting the locus of fractures and a curve 
T representing approximately the initial 
technical cohesive strength (4-9). Three 
of the diagrams for the annealed steel 
(Figs. 9 and 10(a)) also contain a curve 
representing the yield strength. In Figs. 
9 and 10(a), curve 7 for the annealed 
metal has been placed slightly below, 
and curve T for the cold-worked metal 
has been placed slightly above, the posi- 
tion that would be occupied by a curve 
of ultimate strength. These positions 
are thus correlated with the relative 
positions of the corresponding curves in 
Fig. 12, which will be described later. 
At —188 C. (Fig. 10(6)), curve T practi- 
cally coincides with curve L. 

If the two steels differed only in the 
amount of prior cold work, this differ- 
ence would have practically no effect on 
the locus of fractures in Figs. 9 and 10(a 
to the left of Po. Prior cold work under 
any stress combination not involving 
transverse tension, however, would ele- 
vate curve L in the field of positive values 
of S3, would elevate the entire curve 7, 
and thus would move point 7; upward 
along line H. Consequently, although 
the elevation of the curves for steel CBM 
above the curves for steel CA-16.5 is due 
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partly to an inherent difference between 
the two steels, it is due largely to the 
prior cold work. 

With decrease of the temperature of 
these steels (Figs. 9 and 10), the yield 
strength (curve Y) is raised more rapidly 
than the initial technical cohesive 
strength (curve 7). The ductility is 
thus reduced and curve 7 approaches 
curve L; at —128 C., these two curves 
for the cold-worked steel practically co- 
incide except at small values of the radial 
stress ratio; at —188 C., curves T and L 
for both annealed and cold-worked steels 
coincide almost entirely. 

In the diagrams just discussed (Figs. 
Jand 10) the influence of plastic deforma- 
tion manifests itself in its effect on the 
indices of strength, but plastic deforma- 
tion is not represented directly. In the 
diagrams now to be considered (Fig. 11), 
abscissas represent plastic deformation 
and ordinates represent breaking stresses. 
The system of coordinates in these de- 


rived diagrams for annealed 0.11 per 
cent carbon steel, therefore, is the same 


asin the basic diagrams (Fig. 2). More- 
over, the locus of fractures L in each dia- 
gram of Fig. 11 is identical with the ideal 
locus of fractures L in the corresponding 
diagram of Fig. 2. Each locus of frac- 
tures, therefore, is assumed to be free 
from the distorting influence of stress 
concentration and deformation gradient; 
itis a qualitative representation of the 
influence of combined axial and radial 
uniform stresses on the relation between 
breaking stress and ductility. Each 
diagram in Fig. 11 should be studied with 
reference to the corresponding diagram 
in Fig. 9 or Fig. 10. 

As any point on a locus of fractures in 
fig. 11 represents a cohesion limit corre- 
sponding to a specific value of S3/), it 
may be made the terminus of a curve of 
low stress corresponding to that value 
i S;/S;. The only flow stress curves 
shown in Fig. 11, however, are curves Fo, 


which represent unidirectional flow stress 
(S3/S; = 0). A-series of curves of varia- 
tion of cohesion limits, however, is shown 
in each diagram. The left ends of the 
curves are in proper correlation with 
corresponding points on curves TJ in 
Figs. 9 and 10. Below each curve of co- 
hesion, a corresponding curve of flow 
stress could be constructed, so that the 
two curves would rise and intersect at a 
small angle, as do curves Fy and 7». 
The ductility of the metal for a specific 
stress combination depends on the diff- 
erence between the initial flow stress and 
the initial technical cohesion limit for the 
same stress combination. Thus the 
ductility for unidirectional tension would 
depend on the vertical distance between 
curves Fy and Ty at the origin, not on 
the vertical distance between curves Fp 
and 7). 

The indicated decrease of ductility 
with increase in .$3/.S; and with decrease 
of temperature is generally much less 
rapid in Fig. 11 than in Fig. 2. This 
difference is due to the great difference 
in stress uniformity represented by the 
two figures. Although increase in the 
radial stress ratio causes great decrease 
in ductility, especially at low tempera- 
tures, the effect on ductility and breaking 
stress is greatly accentuated in the pres- 
ence of stress concentration. 


VARIATION OF THE STRENGTH AND Duc- 
TILITY OF ANNEALED AND COLD-WORKED 
CARBON STEELS WITH TEMPERATURE 

The previously discussed diagrams 
show the strength and ductility of an- 
nealed and cold-worked carbon steels 
at various temperatures (Figs. 1 to 6). 
To study the quantitative variation of 
these properties with temperature, re- 
sults taken from Figs. 1 to 6 have been 
plotted as ordinates in Figs. 12 and 13, 
with abscissas representing the corre- 
sponding temperatures. Figure 12 
shows the variation of the strength in- 
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dices with temperature, and Fig. 13 
shows the variation of ductility. The 
temperature scale is the same that has 
been used in previous papers (7, 8, 10). 
As temperatures in deg. Kelvin are 
plotted on a logarithmic scale, abscissas 
are proportional to the logarithm of the 
deg. Kelvin. The scale, therefore, is the 
same in principal as Kelvin’s original 
thermodynamic scale. This scale has 
been used because it gives a linear rela- 
tionship between temperature and the 
strength indices for various metals, ex- 
cept when structural changes occur 
within certain temperature ranges. As 
shown in Fig. 12, however, a linear rela- 
tionship was not obtained with these 
carbon steels. 

The most striking feature of the dia- 
grams for the annealed steels (Fig. 12 
(a) and (c)) is the great and rapidly ac- 
celerating rise of the curves of yield 
stress. At —188 C. the yield stress is 
nearly three times as great as at room 
temperature. The corresponding curves 
of ultimate stress for unnotched speci- 
mens also rise with increasing steepness, 
but the rise is much less rapid than that 
of the yield stress. At —188 C., fracture 
of these steels occurred just before the 
load reached a true maximum. If the 
curve of ultimate stress were prolonged 
to this temperature, it would be only 
slightly higher than the curve of yield 
stress. For the cold-worked steel (Fig. 
12(b)), the curve of yield stress (not 
shown) would practically coincide with 
the curve of ultimate stress. 

The breaking stress curves for un- 
notched specimens also rise at an in- 
creasing rate from room temperature to 
—128 C. With further decrease of 


temperature, however, they descend with 
reversal of curvature, reach a minimum, 
probably at a temperature a little above 
—188 C., and then resume their upward 
course. The rise of each breaking stress 
curve (Fig. 12) with decrease of tempera- 
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ture to —128 C. is accompanied by only 
a slight decrease of ductility (Fig. 13), 
The descent of each breaking stress curve 
between —128 C. and —188 C. (Fig. 12 
is accompanied by a decrease of ductility 
almost to zero. This descent, therefore, 
is because of the dominant effect of the 
great decrease of ductility, not because 
of a decrease in the initial technica] cohe- 
sive strength. The initial technical cohe- 
sion limit for unidirectional tension, rep- 
resented qualitatively by curve To, rises 
continuously with decrease of tempera- 
ture to —188 C. With decrease of tem- 
perature slightly below —188 C., the 
steel would become completely brittle, 
but the technica] cohesive strength would 
continue to rise, as indicated qualita- 
tively by the projection of curve T». 

Each curve for notched specimens 
(Fig. 12) rises at an increasing rate with 
decrease of temperature to a certain value 
dependent on the notch angle; the curve 
then descends, first at an increasing, then 
at a decreasing rate. The smaller the 
notch angle, the higher is the tempera- 
ture at which this descent begins. Con- 
parison of Fig. 12 with Fig. 13 shows that 
the ductility of a notched specimen gen- 
erally decreases appreciably before the 
descent of the curve in Fig. 12 begins. 
Comparison of Fig. 12 with Figs. 2, 4, 
and 6, shows that the abrupt descent of 
the curves in Fig. 12 must be attributed 
chiefly to the influence of increasing 
stress concentration on the breaking 
stress. The increase of stress concentra- 
tion with decrease of temperature is 
caused by the decrease of ductility. At 
some temperature below —188 C., how- 
ever, the metal would become com- 
pletely brittle, and the breaking stress 
curve for a notched specimen would reach 
a minimum. With further decrease 0 
temperature, the curve would be ex 
pected to rise because of the increasing 
technical cohesive strength. 

In Fig. 13, the curves of variation of 
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nly ductility with temperature are qualita- in Fig. 14 probably exists whenever the _ 
13), tively similar to a curve of variation of variation of strength is due to tempera-— 
ve the resistance to impact of notched speci- ture alone, not to a combined influence — 
ae mens. The smaller the notch angle, the of témperature and structural change. 
ility higher is the temperature of the steepest The variation of the strength indices 
ore, descent of the curve. Ifcurvescould be of these non-ferrous metals and of 13 — 
the constructed to represent selected con- percent chromium, 2 per cent nickel steel | 
—_ stant values of S;/5), without stresscon- with temperature (Fig. 14) differs greatly 
ohe- centration, they would be qualitatively from the curvilinear variation of the 
‘ohe- similar to the curves in Fig. 13, but the strength indices of the carbon steels 
— accentuating effect of stress concentra- (Fig. 12). The greatest difference is in 
—_ tion on ductility would be absent. the variation of the yield stress. Where- 
nan as the yield stress of the annealed carbon 


“a INFLUENCE OF COMPOSITION AND HEAT steels is nearly tripled and the yield 
TREATMENT ON THE VARIATION OF THE ratio (ratio of yield stress to ultimate 


ittle, STRENGTH AND DUCTILITY OF METALS stress) is nearly doubled, when the tem- 


r " WITH TEMPERATURE perature is lowered from room tempera- 
sad For further study of the factors in- ture to —188 C., the yield stress of the 
volved in the embrittling effect of low metals represented in Fig. 14 is increased 
temperature on steels, the results ob- only 50 to 75 per cent, and the yield ratio 
tained with the previously discussed is practically unchanged. Another great 
carbon steels (Fig. 12) will now be com-_ difference between these two groups, of 
pared with results obtained with non- metals is in the variation of the ductility. 
ferrous metals and with steels differing With decrease of the temperature, the 
in composition and heat treatment ductility (not shown here) of each of the F 
(Figs. 14, 15, and 16). non-ferrous metals either remains un- 
Figure 14 shows the variation of the changed or increases. The ductility of | 
yield stress, ultimate stress,and breaking the 13 per cent chromium, 2 per cent 
stress of unnotched specimens of three _ nickel steel decreases considerably, but — 
non-ferrous metals and a 13 per cent unnotched specimens retain considerable 
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7; chromium, 2 per cent nickel steel. The ductility even at —188 C. The loss of - 
| : of brass and the alloy steel were tested only ductility with decrease of temperature is 
wr F in the fully softened condition; the cop- much less for this steel (Fig. 17(a)) — 


per-tin alloy and monel metal were tested _ than for the carbon steels (Fig. 13). 

both in annealed and in cold-worked The initial technical cohesive strength © 
condition. The strength indicesforeach of each of the non-ferrous metals repre- 
of these metals vary linearly with tem- sented in Fig. 14 probably increases — 
perature, on this scale,except when struc- linearly with decrease of temperature. 
tural changes such as strain aging occur The variation of the cohesion limit for 
near the upper end of the temperature unidirectional tension would be repre-— 
range. The straight portion of each sented by a straight line, such as lines 

yield stress line for an annealed metal Tp in Fig. 14, not far from the line of 

points approximately to zerostress at the variation of the ultimate stress. As the - 
melting point. The breaking stress line ductility depends on the vertical diff- | 
is practically the same for both the erence between such a line and the yield 

annealed and the cold-worked metals. stress line, and as the two lines would not 

A linear relationship such as that shown converge with decrease of temperature, 
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the ductility would not be expected to 
decrease. In Fig. 12, however, lines Y 
and 7) converge at a rapidly increasing 
rate with decrease of temperature, and 
thus account for the great decrease in 
ductility. Moreover, the greater the 
radial stress ratio, the more rapid would 
be the convergence of the corresponding 
lines of yield stress and initial technical 
cohesion limit, and the higher would be 
the temperature at which the decrease in 
ductility would be most rapid. 

Figure 15 shows the influence of the 
composition and heat treatment of steels 
on the variation of strength with tem- 
perature. The steel represented in Fig. 


15(a) contained titanium, which had been ‘ 


added by the manufacturers in order to 
eliminate the discontinuity of the stress- 
strain curve at the yield point. The 
tests by the authors showed no drop of 
the beam at room temperature or at 
—78 C., but a slight drop at —188 C. 
The addition of titanium, however, has 
not appreciably affected the course of the 
yieldstresscurve in Fig.15(a). The yield 
stress was about 45 times as great at 
—188 C. as at room temperature. This 
ratio is about the same as the ratio found 
by two of the authors for ingot iron 
(Fig. 21 of reference 7). With annealed 
high-purity iron (DB-17), the authors 
found the yield point at —188 C. to be 
82,000 psi., whereas Cleaves and Hiegel 
(1) found the yield point of a comparable 
specimen at room temperature to be 
about 8400 psi. The ratio between the 
values for these two temperatures, there- 
fore, is nearly 10. The ratio evidently 
increases with the purity of the iron. 
The ultimate stress of the titanium- 
bearing iron at —188 C. practically coin- 
cides with the breaking stress (Fig. 15 
(a)). The ingot iron and the high-purity 
iron broke before the load quite reached 
a true maximum. No breaking stress 
values could be obtained with the ti- 


tanium-bearing iron at —78 C. and at 
room temperature because the very 
ductile specimens continued to extend at 
the rim after fracture started near the 
axis. 

Figure 15(b) and (c) shows the influence 
of heat treatment on the strength indices 
for two low-carbon steels. Each steel 
was tested in the annealed condition and 
in a quenched-and-tempered condition. 
The quench-temper treatment has raised 
the curves of yield stress and ultimate 
stress above the corresponding curves for 
the annealed steels. The yield stress 
curve has thus been raised relatively 
much more at room temperature than at 
—188 C., but the ultimate stress curve 
has been raised almost equally at these 
two temperatures. The convergence of 
corresponding curves of yield stress and 
ultimate stress with decrease of tempera- 
ture, therefore, is less rapid for the 
quenched-and-tempered steels than for 
the annealed steels. As a curve for the 
initial technical cohesion limit 7) would 
be near and almost parallel to the corre- 
sponding curve of ultimate stress (Fig. 
15(b) and (c)), the convergence of curves 
T,) and Y would be less rapid for the 
quenched-and-tempered than for the 
annealed steel. Consequently, because 
(as already shown) the ductility depends 
on the difference between the initial 
technical cohesion limit 7») and the yield 
stress, the decrease of ductility with de- 
crease of temperature would be expected 
to be less rapid for the quenched-and- 
tempered carbon steels than for the an- 
nealed steels. A comparison of the duc- 
tilities of steels after these two heat treat- 
ments is given in Fig. 17. 

Figure 17(b), (c), and (d) shows the 
influence of temperature on the ductilities 
of three carbon steels in the annealed 
condition and in the quenched-and-tem- 
pered condition. The steels represented 
in diagrams (b) and (c) are the same as 
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those represented in Fig. 15(b) and (c). 


; Moreover the steel represented in Fig. 17 
t (d) differs little in carbon content from 
. the steel represented in Fig. 13(a). As 

shown in Fig. 17(6), (c), and (d), the 
. quench-temper treatment has greatly 
: increased the ductility of these three 
| carbon steels at —188 C. As shown in 
| Fig. 15 (6) and (c), the quench-temper 


treatment has also increased the breaking 
| stress at —188 C. However, if the 
breaking stresscurve in Fig. 15(b) could be 
r extended to temperatures below — 188 C., 
; it probably would descend with reversal 
' of curvature as does the curve for an- 
t nealed steel. For the 0.2 per cent carbon 
, steel T-W-9 (Fig. 15 (c)), the ductility at 
: —188 C. evidently was enough to permit 
f the curve of breaking stress to continue 
| its rise with decrease of temperature to 
—188 C. 

Figure 15(d) shows the effect of heat 


treatment on the variation of the 
. strength indices of a nickel steel. The 
1 effect of heat treatment is qualitatively 
- similar to its effect on carbon steels. 
The quench-temper treatment raised the 
‘ yield stress, above that of the annealed 


steel, much more at room temperature 
than at —188 C. The ratio of the yield 
. stresses corresponding to the two heat 
. treatments is 2 at room temperature, but 


1 only 1.5 at —188 C. Consequently, the 
] curves of yield stress and_ ultimate 

stress for the annealed steel converge 
] with decrease of temperature, but the 


curves for the quenched-and-tempered 
steel diverge. For reasons previously 
given, therefore, the curve of breaking 
stress for the quenched-and-tempered 
steel would be expected to rise continu- 


. ously with decrease of temperature to 
| 188 C., as does the curve for the 
] annealed steel. However, as the speci- 
i men tested at —188 C. broke at a flaw, 
j the actual course of the curve below 
i —128 C. has not been determined, but 


probably is as indicated by the extension 
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of thiscurve in Fig. 15(d). It wouldalso 
be expected that the ductility at — 188 C. 
would be greater for the quenched-and- 
tempered steel than for the annealed 
steel. 

The effect of the alloying with nickel 
on the variation of the strength indices | 
with temperature is revealed by a com- 
parison of the diagram for the annealed — 
nickel steel (Fig. 15(d)) with the dia- 
gramsfor the annealed carbon steels. The 
yield stress at room temperature is nearly 
twice as great for the annealed nickel 
steel as for the annealed 0.12 and 0.23 
per cent carbon steels (Fig. 15(b) and (c)), 
and is about 70 per cent greater than that — 
of the annealed 0.42 per cent carbon steel 
(Fig. 12(c)). At —188 C., however, the | 
yield stress of annealed nickel steel is 
only about 10 per cent greater than that — ——, 
of the annealed 0.12 and 0.23 per cent | 
carbon steels, and is about equal to that © 
of the 0.42 per cent carbon steel. The — a il 
convergence of a curve of yield stress to-_ 
ward the curve of ultimate stress or to- 
ward a curve of variation of the initial 
severing stress (J), therefore, is much © 
less rapid for the nickel steel than for 
the carbon steels. For this reason, the © 
ductility of the annealed nickel steel = 
(Fig. 17(a)) decreases much less rapidly 
with temperature than does the ductility — 
of the annealed carbon steels (Figs. 17(0), 
(c), (d), and 13). Consequently, the © 
breaking stress curve for the annealed 
nickel steel (Fig. 15(d)) does not descend — 
between —128 and —188 C., but rises” 
nearly linearly with decrease of tempera- 
ture. Asimilar correlationexists between 
the curves of yield stress and ultimate 
stress for 13 per cent chromium, 2 per 
cent nickel steel (Fig. 14(c)), the curve 
of ductility of this steel (Fig. 17(a)), and 
the linear rise of the curve of breaking 
stress (Fig. 14(c)). 

Even heat-treated carbon steels and 
alloy steels, however, show some loss of 


ductility with decrease of temperature." 
In this respect, they differ from non- 
ferrous metals such as those represented 
in Fig. 14. The ductility of these non- 
ferrous metals, and probably the duc- 
tility of any metal that is free from struc- 
tural change, does not decrease with 
_ decrease of temperature to —188 C. (7). 
The decrease of the ductility of the 
quenched-and-tempered carbon steels 
and the alloy steels decreases the slope of 
the straight lines of breaking stress, such 
as those in Figs. 14(c), 15(c), and 15(d). 
_ These lines are nearly parallel to the 
lines of ultimate stress, whereas the 
lines of breaking stress for the non- 
ferrous metals are much steeper than the 
lines of ultimate stress (Fig. 14(a), (0), 
and (d)). 
The variation of the strength and duc- 
tility of iron and steels with decrease of 
temperature is anomalous. The normal 
variation of the strength of a metal, the 
variation due to temperature alone, prob- 
is the linear variation shown: in 
Fig. 14(a), (6), and (d). The ductility 
of a norma! metal does not decrease with 
decrease of temperature to —188 C.; the 
ductility of some metals increases. The 
yield stress of annealed metal normally 
increases only about 75 per cent, and the 
line of variation of the yield stress points 
approximately to zero stress at the melt- 
ing point. The yield stress line for an- 
nealed iron, annealed carbon steels, and 
low alloy steels, however, curves upward 
at both ends from the line representing 
the linear variation of yield stress of a 
normal metal (Fig. 15). At the high- 
temperature end, this upturn probably is 
_ due to strain aging, although the preva- 
lent view is that strain aging does not 
affect the yield point. A similar struc- 


1 A slight differential effect of temperature on the 
curves of yield and initial severing stress (79) may have 
considerable effect on the variation of ductility with tem- 
perature because of the small angle between the corre- 
sponding curves of variation of flow stress and cohesion 
with plastic deformation (Fig. 11). 
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tural change may also account for the 
upturn at the low-temperature end. 

Figure 16 shows the influence of tem- 
perature on the yield stresses of various 
annealed ferrous and non-ferrous metals, 
Curves 1 to 4, reproduced from Figs, 
12(c) and 15, show the variation of the 
yield stress for carbon steels with carbon 
content ranging from 0.02 per cent to 
0.42 per cent. Comparison of curves 5 
to 8 with curves 1 to 4 shows the influence 
of alloying elements, especially elements 
in solution in the ferrite. Strengthening 
the ferrite by alloying raises the yield 
stress much more at room temperature 
than at —188 C. The alloying thus 
decreases the curvature of the yield stress 
line, and decreases the departure of this 
line from the straight line pointing ap- 
proximately toward zero stress at the 
melting point. For the highly alloyed 
steels (curves 6, 7, and 8), the lines of 
yield stress are practically straight. 
These lines, as well as the straight por- 
tions of the lines for the non-ferrous 
metals (Fig. 16(6) and (c)), point approx- 
imately to zero stress at the correspond- 
ing melting points. 


THe Errect oF RATE OF STRAIN ON THE 
VARIATION OF THE MECHANICAL PRrop- 
ERTIES OF STEELS WITH TEMPERATURE 


Brittle fractures of structures in service 
become more prevalent as the tempera- 
ture falls to near the freezing point of 
water. This temperature is consider- 
ably higher than the temperatures at 
which the fractures of notched tension 
test specimens become brittle (Figs. 12 
and 13). This difference in temperature 
may be due at least partly to a difference 
in the rate of strain. The higher the 
strain rate, the higher is the temperature 
of the transition from ductile to brittle 
fracture of a notched specimen. 

This effect of the strain rate has gen- 
erally been attributed to a differential 
effect of the rate on the flow stress and 
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the initial technical cohesive strength. 
According to the prevalent view, the 
initial technical cohesive strength in- 
creases very little with increase in the 
strain rate, and thus any metal would 
become brittle at a strain rate sufficiently 
high. There is scattered evidence, how- 
ever, that the rate of strain generally 
affects an initial technical cohesion limit 
about as much as it affects the corre- 
sponding flow stress. The evidence 
indicates that increase of the strain rate 
even to nearly a million times the rate 
for an ordinary tension test generally 
causes no decrease of the ductility of 
either ferrous or non-ferrous metals, pro- 
vided that the tests are made with 
unnotched specimens. 

A recent paper of Manjoine (3) de- 
scribes an investigation of the yield 
stress, ultimate stress and ductility of 
annealed mild steel throughout a range 
of strain rate from 10~® to nearly 10° per 
second. The range of rates upward from 
that of an ordinary tension test was 
nearly a million to one. Throughout this 
range the yield stress increased from 
about 29,000 to 75,000 psi., and the yield 
ratio increased from about 0.5 to nearly 
1.0. These increases, therefore, were 
nearly equal to the increases of the same 
properties with decrease from room tem- 
perature to —188 C. (Fig. 12). Addi- 
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Mr. P. G. Jones! (by letter)—The 
authors’ results on the influence of 
combined stresses, stress concentration, 
and temperature on the mechanical 
properties of steels are very interesting. 
Of particular interest to the writer is 
the authors’ statement that “the evi- 
dence indicates that increase of the 
strain rate to nearly a million times the 
rate for an ordinary tension test gen- 
erally causes no decrease of the ductility 
of either ferrous or non-ferrous metals, 
provided that the tests are made with 
unnotched specimens.” It is assumed 
that the authors are referring to tests 
made at room temperature and for this 
reason it is felt that a further discussion 
of the effect of rate of strain at tempera- 
tures lower than room temperature may 
be desirable. 

An investigation is being conducted 
at the University of Illinois to determine 
the effect of the embrittling factors of 
stress concentration, state of stress, 
temperature, and rate of strain on the 
ductility of killed and rimmed steels. 
Preliminary results are in agreement 
with the authors’ statement for tests 
on unnotched tension specimens made 
at room temperature and at rates of 
strain varying from 10-* to about 
2 X 10* per second. However, for 
temperatures lower than room tempera- 
ture, unnotched specimens which show 
high ductility under static loads may 
be made to fail in a completely brittle 
manner by increasing the rate of strain 
to a sufficiently high value which de- 
pends on the temperature of the test. 


1 Assistant Professor in Theoretical and Applied Me- 
chanics, University of Illinois, Urbana, Illinois. 


DISCUSSION 


This seems to lend support to the preva- 
lent view that any metal will become 
brittlejif the strain rate is sufficiently 
high. The strain rates which produce 
brittle fractures at room temperature 
for the metals tested are apparently 
above 2 per second. For tem- 
peratures lower than room temperature 
(— 20 F. say) the rate of strain necessary 
to produce brittle fracture falls below 
2 X per second. 

Although there are considerable data 
which indicate little change in ductility 
of metals as measured by percentage 
elongation and reduction of area for 
strain rates at room temperature in the 
impact range (above 10 per second) 
there is evidence, ?’* that an increase 
in strain rate will cause an appreciable 
decrease in ductility *for strain rates 
in the range of commercial testing 
(10-* to 10-' per second). Also the 
data of Manjoine referred to by the 
authors and data reported by Fehr, 
Parker and DeMicheal,* and_ others 
indicate an appreciable increase in 
ductility when the strain rates are 
increased from so-called static rates 
to the lower end of the impact range. 
Also data reported by Quinney,’ and 
others show that when the rate of 
strain is lowered to the so-called ‘‘creep 


2R. L. Kenyon, “Per Cent Elongation in the Tensile 
Test as a Method of Measuring the Ductility of Thin 
Sheets,’’ Metals and Alloys, Vol. 3, p. 220 (1932). 

3 P. G. Jones and H. F. Moore, “An Investigation of the 
Effect of Rate of Strain on the Results of Tension Tests 
of Metals,”’ Proceedings, Am. Soc. Testing Mats., Vol. 49, 
p. 610 (1940). 

4R. O. Fehr, E. R. Parker, and D. J. DeMicheal, “‘Mea- 
surement of Dynamic Stress and Strain in Tensile Test 
Specimens,” Transactions, Am. Soc. Mechanical Engts., 
Vol. 66, pp. A65-A71 (1944). ner? 

5H. Quinney, ‘Time Effect in Testing Metals,” The 
Engineer, Vol. 157, pp. 332-334 (1934). "Ye 7 
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range” (below 10~° per second) there is 
a considerable reduction in the ductility 
from that found in ordinary static tests. 

The data reported by the authors add 
materially to the study of the influence 
of embrittling factors on the behavior 
of metals. There is need, however, for a 
further investigation of the effect of 
rate of strain on the ductility of un- 
notched specimens subjected to low 
temperatures. 

Messrs. D. J. McApam, Jr., G. W. 
AND R. W. (authors’ 
closure by letter)—Our mention of the 
fact that the ductility of an unnotched 
specimen of ferritic steel is not de- 
creased by an increase in the strain rate 
to a high value at room temperature 
was not intended to imply that the strain 
rate would have a similar effect at low 
temperatures. We wished to emphasize 
the fact that an increase in the strain 
rate at room temperature to a very high 
value does not decrease the ductility 
of an unnotched specimen, but does 
decrease the ductility of a notched 
specimen. This evidence combined with 
the evidence in Figs. 2, 4, 6, and 12 
of the paper suggest that an important 
factor in the cold brittleness of ferritic 
steels is their lack of ability to relieve 
stress concentration at low temperatures 
or at high strain rates. With decrease 
in temperature or increase in the strain 
rate, unrelieved stress concentration 


becomes apparent in notched specimens 


of ferritic steels, but not in face-centered 
cubic metals in the same condition. 
This effect of low temperature is not due 
primarily to the decrease in ductility. 
A ductility that is sufficient to relieve 
stress concentration in a face-centered 
cubic metal at low temperatures or in a 
ferritic steel at room temperature is not 
sufficient to relieve stress concentration 
in a ferritic steel at low temperatures. 

This peculiarity of ferritic steels is 
illustrated in the accompanying Fig. 1. 
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In this figure, comparison is made be- 
tween annealed 0.42 per cent carbon steel 
CE-15.5 (Fig. 12(c)) and heat-treated K- 
monel metal CK-10.6 (12). At room 
temperature, the effects of notches on the 
ductility of these two metals are about 
the same, and neither of the metals shows 
any evidence of unrelieved stress con- 
centration, even when the notch angle 
is 50 deg. or less (Fig. 12). With de- 
crease in temperature, however, the two 
metals behave very differently. The 
K-monel metal retains its ductility and 
its ability to relieve stress concentration. 
The ferritic steel, however, becomes less 
ductile, and becomes less able to relieve 
stress concentration even when the duc- 
tility would be ample for relief of stress 
concentration at room temperature. 
Within the field bounded by curve W in 
the accompanying Fig. 1(a), stress con- 
centration is not completely relieved, 
and the amount of unrelieved stress 
concentration increases with departure 
from the boundary.® 

The course of curve W as it extends 
to the right is the resultant of two vari- 
ables: increase in the ability to relieve 
stress concentration (because of increase 
in temperature), and increase in the 
initial stress concentration with decrease 
in the notch angle. In the rise of curve 
W, the rapid increase in initial stress 
concentration with decrease in the notch 
angle is the dominant factor. In the 
descent of the curve, the dominant factor 
is the effect of increasing temperature 
on the ability to relieve stress concen- 
tration. Between about —130 C. and 
room temperature the ductility re- 
quired for complete relief of stress con- 
centration decreases rapidly, and the 
metal becomes able to relieve increas- 
ingly high stress concentration. 

The alloying elements in the ferritic 
steel represented in the accompanying 


6 The boundary of this field is determined approxi- 
mately by a study of Figs. 5, 6, and 12. 
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DISCUSSION ON EFFECT OF STRESSES ON STEEL AT Low TEMPERATURES 


Fig. 1(6) have greatly diminished the ad- 
verse effect of low temperature on duc- 
tility (Fig. 17(@)) and have also greatly 
diminished the effect of low temperatures 
on relief of stress concentration. Al- 
though decrease in temperature had a 
great effect on the ductility of the 
notched specimens, the only specimens 
that gave evidence of incompletely 
relieved stress concentration were those 
*tested at —188 C. and with notch angle 
less than 150 deg. Moreover, the root 
radius of the notches used in obtaining 
the curves in Fig. 1(b) was only 0.01 in., 
whereas the curves in Fig. 1(a@) were ob- 
tained with root radius 0.03 in. The 
initial stress concentrations for corre- 
sponding notch angles, therefore, were 
much greater in the 13 per cent chro- 
mium, 2 per cent nickel steel than in either 
the 0.42 per cent carbon steel or the 
K-monel metal. As indicated approx- 
imately by curve W in Fig. 1(a), the field 
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of unrelieved stress concentration is 
confined within a range of very low 
temperatures and small ductilities (7). 

The evidence mentioned by Mr. 
Jones would not seem to be sufficient 
to warrant his support of the prevalent 
view that any metal will be brittle if 
the strain rate is sufficiently high. In 
impact tests of notched specimens at 
—188 C., face-centered cubic metals 
give higher values than at room tem- 
perature. Moreover, these metals are 
about as ductile in static tests in liquid 
hydrogen —252.7 C. as at room tem- 
perature. The equivalent strain rate 


corresponding to a static tension test 
in liquid hydrogen is millions of times 
the rate corresponding to a test in liquid 
Some metals, therefore, are not 
embrittled by any strain rates that may 
be applied in service or in an engineering 


test. 


air. 


i 
18, 
; 
= 
= 
@ 


STRUCTURAL CHANGES IN CARBON AND MOLYBDENUM STEELS 


DURING PROLONGED HEATING AT 900 TO 1100 F., AS AFFECTED 


BY DEOXIDATION PRACTICE 


By G. V. Suitu,' R. F. MILLer,? AND C. O. Tarr? 


SYNOPSIS 


Annealed and normalized samples of steels 
_and six with 0.1 to 0.2 per cent carbon and 0.5 per cent molybdenum—of dif- 


three with 0.1 per cent carbon, 


ferent deoxidation practice were tested at 900, 1000, and 1100 F. for periods up 
~ to 5000 hr., and then subjected to hardness tests and to metallographic exam- 


ination for microstructural changes. 


INTRODUCTION AND SUMMARY 


Engineering structures used for pro- 
longed service at elevated temperature 
are generally designed on the basis of 
creep or stress-rupture data, which are 
generally obtained in tests of short 
duration relative to the service life. 
These properties depend on the micro- 
structure of the metal, and inasmuch as 
metals undergo changes in microstruc- 
ture when held at elevated temperature, 
the creep and stress-rupture strengths 

in reality vary continuously, generally 
decreasing, throughout the service life. 
It is therefore desirable to study the 
microstructural changes occurring over 
longer periods at the temperature of 
interest, or as simulated, though not 
always equivalently, by shorter tests at 
higher temperature. Accordingly, a 
number of samples, comprised of three 
carbon (0.1 per cent) steels of similar 
composition but deoxidized differently, 
and six molybdenum steels (0.1 to 
0.2 per cent carbon, 0.5 per cent mo- 
4 lybdenum) similar except for silicon 


1 Research Laboratory, United States Steel Corp. of 
Delaware, Kearny, N. 


2 Now with Carnegie-Illinois Steel Corp., Pittsburgh 
and McKeesport, Pa., respectively. 


content and mode of deoxidation, were 
tempered* for periods ranging up to 
5000 hr. at 900, 1000, or 1100 F.; and 
observations were made of (a) hardness 
(measured at ordinary temperature), and 
(6) microstructure particularly with re- 
spect to the progress of spheroidization 
and the possible appearance of graphite. 
All but one steel were of commercial 
manufacture, as commonly used for 
elevated temperature service, and each 
was employed in two initial conditions, 
annealed (A) and normalized (N). 

The main results and inferences from 
them follow: 

The hardness of most of the carbon 
steel samples first increased slightly with 
time at temperature, then decreased 
slowly at about the same rate at each 
of the three temperatures; the changes 
appeared to be uninfluenced by the 
deoxidation practices used. The in- 
crease was greatest in the annealed 
samples held at 1000 F. The hardness 
of the annealed molybdenum steels 


* The use of the term “tempering” to apply to the 
holding of annealed as well as normalized steel samples 
at subcritical temperatures may not be conventional, 
but is used throughout this paper for the sake of con- 
venience. 
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followed the general pattern of the 
carbon steels, but the normalized samples 
behaved in a way characteristic of 
precipitation-hardening systems—that is, 
the hardness increased initially, more 
slowly but to a higher value the lower 
the temperature, and then decreased 
(Table II and Fig. 1). This pheno- 
menon combined with the simultaneous 
spheroidization and agglomeration of 
the carbide makes the picture of the 
hardness change less simple than for 
the carbon steels and annealed molyb- 
denum steels. 

The rate of spheroidization (Table III 
and Fig. 9) of the normalized was 
generally greater than for the annealed 
steels, as is to be expected from the finer 
initial structure, but the effect was less 
marked in the carbon steels. In the 
normalized carbon steels this rate was 
highest in the high titanium-treated 
steel. In the molybdenum steels the 
rate increased with increasing silicon 
plus aluminum addition, whereas a large 
aluminum addition without silicon was 
associated with a lower rate which, 
however, is probably to be attributed to 
a coarser initial microstructure. 

Graphite formed in all the carbon 
steels, and at about the same rate in 
both normalized and annealed specimens 
(Table IIL and Fig. 9). In the six 
molybdenum’ steels, it formed only in 
the three to which aluminum had been 
added; in these three the rate seemed 
to be faster the higher the silicon con- 
tent, and faster in the annealed than in 
the normalized samples, only one of 
which showed graphite. In both groups 
graphitization was generally faster the 
higher the temperature within the range 
studied. 

It has become apparent that a great 
deal of further work is needed, particu- 
larly on the nature of carbides—how it 
depends on the presence of alloying 
elements, whether added as such or as 
deoxidizers, and how the carbides are 


= 
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modified by temperature and _ time. 
Obviously therefore many of the out- 
standing questions cannot be answered 
in the immediate future. 


ORIGIN OF PROBLEM 


Steels for elevated temperature serv- 
ice are nearly always applied in an 
annealed or normalized condition, their 
microstructure then consisting of pro- 
eutectoid ferrite and an aggregate of 
ferrite and carbide. When held at 
sufficiently elevated temperatures, yet 
below that at which austenite begins to 
form, the structure changes, principally 
in the direction of a spheroidization of 
the carbide which, having been present 
initially in a lamellar or plate-like form, 
tends to assume a globular form. In 
alloy steels it is to be expected that 
changes in composition and nature of 
the carbide may occur concurrently with 
this spheroidization. Another change 
frequently encountered after a steel has 
been at elevated temperature for a long 
time, is a reversion of carbide to the 
more stable form graphite. Both these 
changes occur progressively with time 
and seemingly independently of one 
another, the only common factor per- 
haps being the rate of diffusion. In an 
attempt to get more information on 
these changes, and how they are affected 
by the composition and mode of deoxida- 
tion of the steel, a survey of the litera- 
ture was made before experimental work 
was undertaken. 


_ SURVEY OF LITERATURE 


What is called carbide or cementite 
or Fe;C probably does not always cor- 
respond exactly to the formula Fe3C 
even in pure iron-carbon alloys, and 
certainly does not when other elements 
are present. Bain, Davenport, and 
Waring (1)* have shown, for example, 


2 The boldface numbers in parentheses refer to the list 


of references appended to this paper, p. 502. 


S 
) 
ere 
to 
ind 
SS 
ind 
re- 
ion | 
ite. 
cial 
for 
ach | 
ons, | 
rom | | 
‘bon 
vith | 
ased 
each 
the 
in- 
aled 
ness 
teels 
to the 
amples 
tional, 
con- 


488 


that manganese in steel is capable of 
forming a carbide approximating Mn3;C 
in composition, and that this carbide 
forms a continuous series of solid solu- 
tions with Fe;C. Accordingly, since all 
commercial steels contain manganese, it 
would seem that the carbide in such 
steels must contain both iron and 
manganese. On the other hand, when 
one or more elements which form a very 
stable (relatively insoluble, or high 
melting) carbide, is present, an entirely 
different type of carbide may form, 
dependent upon the particular element 
or elements added and the prior treat- 
ment. It appears, however, that for 
small amounts of the added element, it 
enters into the ordinary iron-carbide 
lattice until a certain maximum has 
been exceeded, whereupon a new type 
of carbide appears; moreover, the new 
carbide may dissolve iron to some extent. 
In extreme instances this mutual solu- 
bility of iron carbide and added elements, 
or of alloy carbides and iron, may be 
very slight. 

It is only recently that the general 
considerations outlined above have re- 
ceived the attention they deserve. Bow- 
man, Parke, and Herzig (2) have reported 
preliminary results of an investigation 
of the partition of molybdenum be- 
tween carbide and matrix in steels. 
Mehl, in discussing this paper, pointed 
out that the initial distribution need 
not be that at equilibrium, nor need 
the equilibrium distribution at one tem- 
perature be the same as at another 
temperature. Crafts and Offenhauer 
(3, 4) recently determined by X-ray dif- 
fraction the types of carbide existing in 
low chromium-molybdenum steels which 
had been quenched and tempered, finding 
that on tempering at temperatures below 
about 930 to 1020 F. the carbide type 
was Fe;C, but at higher tempering 
temperatures was of an alloy type. It 
may be that the Fe;C type persists at 
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the lower temperatures only because of 
insufficient mobility of the chromium or 
molybdenum atoms, the carbon then 
combining with the more abundant iron, 
and therefore that the apparent inver- 
sion temperature of the carbide may not 
be real. A definitive test suggests it- 
self, namely, to form the alloy carbide 
at higher temperature and determine 
whether it transforms slowly to the sim- 
ple carbide type at lower temperature. 
In any event, it is probable that equi- 
librium with respect to the nature and 
composition of the carbide phase is not 
attained in ordinary heat-treatment 
operations, because such treatments do 
not last long enough to permit the neces- 
sary diffusion. However, it should be 
apparent that the equilibrium relation- 
ships are of prime importance when a 
ferrous alloy is being used in elevated 
temperature service, for changes in 
equilibrium may then be expected to 
occur. Accordingly, the design engineer 
needs information concerning the mech- 
anical properties of metals after these 
changes have occurred; this is particu- 
larly true when it is considered that the 
spheroidization which generally accom- 
panies these changes tends to lower the 
strength. European investigators have 
been active in correlating creep resist- 
ance of steels with equilibrium phase 
diagrams (5, 6). 

With respect to the other main type 
of microstructural change, the formation 
of graphite, little is known about it in 
low-carbon steels, especially when al- 
loying elements are present. It appears, 
however, that Fes;C is not a stable phase 
in iron-carbon alloys, at least at tem- 
peratures below about 2050 F. (7). 
Graphitization has not until recently 
been a problem to users of steel at 
elevated temperature because it occurs 
relatively slowly and causes only 4 
slight loss of strength. Recently, how- 
ever, instances have been reporied in 
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which slow graphitization has occurred 
in a localized, and therefore dangerous’, 
network-like distribution adjacent to 
welds in molybdenum steel pipe after 
some years of service. In this connec- 
tion, Smith, Miller, and Tarr (9) pointed 
out that the stability of a carbide with 
respect to graphitization must be de- 
pendent upon its chemical composition, 
and demonstrated that graphite formed 
in molybdenum steel during service at 
relatively low temperature could be 
caused to revert to carbide at a higher 
but yet subcritical temperature. Austin 
and co-workers (10, 11) have begun to 
study graphitization as affected by 
alloying elements, but a great deal is 
yet to be done, particularly with respect 
to the nature of the carbide and the 
distribution of added elements between 
carbide and metal phases. 

Investigation of structural changes 
occurring during tempering at elevated 
temperature has not been particularly 
intensive except in steels having initially 
a martensitic structure. Engel (12) 
studied the softening rates of a 0.94 per 
cent carbon steel when tempered from 
different initial structures, and found 
that the smaller the initial carbide 
particle size, the faster the rate of 
softening; this is largely the result of 
steeper average concentration gradients 
and the consequent faster diffusion and 
greater solubility of the finer particles. 
Bain (13) has devoted much attention 
to the tempering reactions of quenched 
steels, as have Austin and co-workers 
10, 11, 14, 15) who also provide an ex- 
tensive review of this literature (14). 
Unfortunately, however, steels subjected 
to service conditions involving creep at 
elevated temperature are not generally 


‘Localized graphitization is dangerous because, ow- 
to differences in solubility and stability, carbon atoms 
grate from the remainder of the sample to the graphite, 
ch as a blotter sops ink. See reference 8 for a brief 
scription and a possible explanation of the phenomenon. 
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used in the quenched condition, because 
of poorer creep strength. 

Some investigators have recorded ob- 
servations of microstructural changes 
encountered during creep or stress- 
rupture test at elevated temperature. 
Jenkins, Mellor, and Jenkinson (16) re- 
ported on a study of the changes in 
carbon steels of 0.17 to 1.14 per cent 
carbon during stress-rupture test at 
elevated temperature, in which it was 
found that deformation accelerated sphe- 
roidization and graphitization, and that 
graphite precipitated the more readily 
the higher the carbon content, though 
this behavior was dependent in some 
part on deoxidation practice. White, 
Clark, and Wilson (17) noted progressive 
spheroidization in S.A.E. 1015 steel of 
coarse-grain deoxidation practice during 
creep tests at 1000 F., and Miller and 
co-workers (18, 19) reported microstruc- 
tural changes in a wide variety of steels 
when held at elevated temperature. 
Weaver (20) studied the effect of car- 
bide spheroidization upon the creep 
strength of molybdenum steel. 

Altogether, therefore, the information 
available on the changes which may 
occur in steels during prolonged service 
at elevated temperature leaves much to 
be desired. Accordingly we decided to 
examine the changes in a number of . 
steels such as have commonly been used 
at high temperature (as in recent large 
power stations) when held at a tempera- 
ture of 900, 1000, and 1100 F. respec- 
tively, for a period extending up to 5000 n 
hr. (7 months). It might be remarked 
that in the molybdenum steels studied — 
there is a relatively high ratio of per- 
centage of alloying element to percentage 
of carbon, as compared to alloys most 
commonly st&died (10, 11), and therefore 
the possibility of occurrence of greater 
amounts of alloy carbides which may 
appreciably affect the processes of sphe- 
roidization and graphitization. 
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MATERIALS AND HEAT TREATMENT 


Three bars of S.A.E. 1015 steel from 
three heats of similar composition but 
differing deoxidation practice, and six 
bars of 0.5 per cent molybdenum steel 
from four heats of similar composition 
but varying deoxidation practice, were 
selected for examination. The composi- 
tion and deoxidation practice of each is 


Analysis, per cent 
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addition in the mold; it was very “dirty” 
but was included because of the high 
aluminum addition. The three carbon 
steels are of very similar composition 
but were deoxidized in the ladle with 10 
lb. ferro-silicon per ton of steel and 
differing amounts of ferro-carbon-tita- 
nium, and in the mold by differing 
amounts of aluminum. It should be 


TABLE I.—ANALYSIS AND DEOXIDATION PRACTICE OF MATERIALS. 


Deoxidizers Added® | After 


| | 


C iMn' P S Si Cu Cr Mo Ti Zr, Al | per ton per | Normality 

| ton | Bo 

MOLYBDENUM STEEL 
No. 1... . 0.16 0.82 0.020 0.027 0.47 0.02 0.03 0.48)..... 0,039 0.009 0.9 FeMn 1.0 | 6-8 | Moderately 
12.6 FeSi abnormal 
No, 2 0.16 0.84 0.019 0.030 0.47 0.03/0.03 0.47 ..... .... 0.006 0.003 0.9 FeMn 0.0 | 2-4 | Slightly ab- 
| 12.6 FeSi normal 
No. 3 0.20 0.84 0.026 0.026 0.22 0.02 0.02 0.48,..... _...\0.005 0.006 0.9 FeMn 0.0 | 2-3 | Slightly ab- 
7.7 FeSi normal 
No. 4 0.21 0.024 0.026 0.23 0.03 0.01 0.48 .... 0.035; 0.005 0.9 FeMn 1.5 | 6-8 Moderately 
| 7.7 FeSi abnormal 
No. 5 0.20 0.73 0.031 0.031 0.23 0.24 0.51 0.040.004 0.004 5.1 FeSiZr 0.0 2-4 Normal 
| 

No. 6 0.11 0.46 0.009 0.012 0.02 0.17/0.43'.... 0.084 0.009 0.0 FeSi 3.0 | 7-8 Moderately 
abnormal 


| | 


CARBON STEEL 


1 1 
No, 7 0.13/0.45 0.011 .0.023 0.19 0.001 
No. 8. 0.14/0.47:0.008 0.022 0.21 0.003 
No. 9 0.14 0.46 0.009 0.028.0.19... 0.002 


given in Table I. The first four molyb- 
denum steels are from two heats with 
low and high ferro-silicon additions in 
the ladle, in each case with and without 
aluminum additions in the mold. The 
fifth is of similar composition but had 
‘been deoxidized with ferro-silicon-zir- 
~ conium in the ladle and had no addition 
in the mold. The sixth had no ladle 
addition but a very high aluminum 


‘ 
0.007, 0.003 10.0 FeSi | 1.0 | 2-4 | Slightly ab- 
0.0 FeCTi normal 
.. 0.004, 0.002 10.0 FeSi 0.5 | 1-4 | Slightly ab- 
| 4.0 FeCTi normal 
0.005, 0.002 10.0 FeSi 0.0 | 3-4 | Slightly ab- 
6.0 FeCTi norma 


Notre.— Ni and V were nil in steels 1-5 and not determined in the remainder. 
@ The manganese content of the ferro-manganese was in all cases 80 per cent. 
The silicon content of the ferro-silicon was 80 per cent for steels nos. 1 and 2, and 50 per cent for steels nos. 3 and 4 
The ferro-silicon-zirconium had 52 per cent silicon and 39 per cent zirconium. 
The analysis of the deoxidizers used for the remaining steels is not known, 


remarked that these carbon steels are 
not typical of that used for carbon-steel 
pipe; titanium deoxidation represents a 
practice introduced during a period of 
severe aluminum shortage in the early 
part of the war. 


Initial Heat Treatment: 


It was considered desirable to simulate 
commercial practice in the structures to 
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be used in the tempering studies. Since 
commercial practice usually involves air- 
cooling (normalizing) or furnace-cooling 
(annealing) from the austenitizing tem- 
perature, each steel was treated in both 
manners. An austenitizing temperature 
of 1650 F. for the molybdenum steels 
and 1600 F. for the carbon steels was 


TABLE I1.—TABULATION OF VICKERS PYRAMIDHARDNESS NUMBERS AS DETERMINED ON ALL STEELS 
Each hardness value represents the average of four indentations. 


Deoxidizers Added Tonge Air Cooled and Tempered Furnace-Cooled and Tempered 
Steel : Mold —- No. of Hours at Temperature | No. of Hours at Temperature 
ton perton| Fahr. | 0 | 5 | 100 | 1000 | 5000 0 | 5 | 100 | 1000 | 5000 
MOLYBDENUM STEEL 
12.6 FeSi 1.0 | 900 |) 178 | 173 | 188 | 186 s42 | | 140 | 145 
0.9 FeMn 1000 $1844 189 | 173 | 184 | 166 1384) 145 | 143 | 147 | 144 
1100 |} | 177 | 176 | 161 | 148 || | 148 | 139 | 136 
ee 12.6 FeSi 0.0 900) ‘; 190 190 | 203 | 204 ] (| 140 | 140 | 135 140 
0.9 FeMn 1000 +1964, 197 | 194 | 193 | 170 |} 1374) 145 | 142 | 142 | 148 
1100 | |! 183 | 172 | 171 | 154 \| 150 | 144 | 136 | 137 
7.7 FeSi | 0.0 900} 198 | 196 | 209 | 146 | 141 135 | 131 
0.9 FeMn 1000} 203 { 203 | 201 | 201 | 171 |}135/| 144 | 144 | 135 | 134 
1100 | 198 | 186 | 171 | 158 ) || 146 | 137 | 135 | 128 
Sen 7.7 FeSi 1.5 900 |) (| 198 | 191 | 193 | 192 |) {| 141 | 143 | 136 | 139 
0.9FeMn | 1000 1934) 188 | 192 | 187 | 166 146 | 143 140 | 140 
1100) | 172 | 166 | 151) |) 144 | 142 143 | 130 
ae 5.1 FeSiZr 0.0 900) {| 206 | 205 | 215 | 228 ) {| 143 | 140 | 136 | 135 
1000} 211 | 212 | 206 | 189 144 | 141 | 140 | 146 
1100 | || 202 | 197 | 182 | 165 |} || 148 | 144 | 145 | 135 
| 
0.0 FeSi 3.0 900) 122 | 124 | 122 | 124 ) {| 125 | 121 | 415 | 492 
| 1000 120) 116 | 114 | 126 | 121} 108) | 121 
1100) 126 | 126 | 131 | 121) |} | 122) 120 | 116 
CARBON STEEL 
ann! 10.0FeSi | 1.0 | 90 |) (| 116 | 114 | 108 | 106 (| 104 | 104 | 102 | 99 
0.0 FeCTi 1000 $113) 110 | 106 | 104 | 101 } 98 116 | 117 | 102 | 98 
1100 | ... | 105 | 108 | 106 | 99 | 93 
10.0FeSi | 0.5 900) 114 | 114 | 105 | 106 (| 106 | 109 | 107 | 100 
4.0 FeCTi 1000 +1192) 113 | 111 | 106 | 105 1032) 118 | 102 | 100 
1100 || 120 | 106 | 105 | 98, 116 | 104 105 | 98 
| 
10.0 FeSi 0.0 900) | 115 | 112 | 106) | 106 107 
6.0 FeCTi 1000, |} 1184) 117 | 145 | | 102 122 | 118 | 102 | 100 
1100 |) | 106 | 106 | 97 |, \| 114 | 106 | 106 | 93 


used; specimens were held at tempera- 
ture 5 hr. before cooling. The molyb- 
denum steels were treated in the form 
of small bars approximately } by 1} in. 
in cross-section, and the S.A.E. 1015 
steels as 1-in. rounds. Air-cooling was 
accomplished by removing the bars (4 
to 6 in. in length) from the furnace and 
setting them on end on refractory brick; 
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the end in contact with the brick was 
discarded. 


Tempering: 


In most elevated temperature service, 
such steels are under 1100 F. and, in 
fact, mostly below 1000 F.; with this in 
mind, tempering temperatures of 900, 


1000, and 1100 F. were chosen. Tem- 
pering periods were 5, 15, 50, 100, 300, 
500, 1000, 3000, and 5000 hr., a separate 
specimen being used for each period. 
Tempering was conducted coke- 
covered lead pots, periodically deoxi- 
dized by immersing an oil-soaked briquet 
into the lead. Temperature fluctuation 
was +5 F. up to 1000 hr. and +20 F. 
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for the 3000- and 5000-hr. periods. The 
samples were treated as approximately 
3-in. thick half-slices, were sectioned 
afte tempering, and examined on the 
freshly exposed surface. 


HARDNESS MEASUREMENTS 
Vickers hardness (20-kg. load) was 
measured in investigating the results of 
tempering; Table II is a tabulation of all 
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indication of the occurrence of effects 
other than simple spheroidization; Aus- 
tin, et al. (10, 11), for example, noted de- 
parture at the onset of graphitization. 


Carbon Steels: 

The several steels show a similar 
variation in hardness with time at 
temperature, that is, hardness decreases 
with increasing time beyond 5 hr., and 


VICKERS HARDNESS 


values measured. Not all specimens 
were examined in this way, but in gen- 
eral only those needed to determine 
temperature-time-hardness trends. The 
results for one of the molybdenum steels, 
No. 2, and for one of the carbon steels, 
No. 8, are shown in Fig. 1 to illustrate 
the general type of behavior. The semi- 
log plot was chosen for convenience and 
because many solid-state reactions pro- 
ceed in such a fashion that the semi-log 
plot is linear. Departure from a straight 
_ line, moreover, may be taken as an 


TIME AT TEMPERATURE - HOURS(LOG SCALE) 


1000 7 5000 


Fic. 1.—-Influence of Time at 900, 1000, and 1100 F. on the Hardness of a Carbon Steel (No. 8 
and a Molybdenum Steel (No. 2) in the Normalized (V) and Annealed (A) Conditions. 


in an approximate, though not exact, 
linear manner on the semi-logarithmic 
scale. Graphitization, detected metal- 
lographically in the specimens tempered 
for the longer periods, evidently had not 
progressed sufficiently to affect the 
hardness. A curious fact is the seeming 
independence of the rate with respect to 
temperature and the small differences in 
hardness developed at the different 
temperatures. Another curious obser- 
vation, in a few of the normalized and 
in all the annealed specimens, is the 
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increase in hardness over that of the 
original caused by the 5-hr. tempering; 
this is particularly evident in the an- 
nealed steels in which some increase is 
retained up to 1000 hr. at temperature. 
This indicates that some process other 
than simple spheroidization is occurring. 
The effect, perhaps a precipitation hard- 
ening, appears to be greatest at 900 F. 
in the normalized samples and at 1000 F. 
in the annealed samples, and is great 
enough to cause the hardness of the an- 
nealed samples, which initially was some 
15 points softer, to increase to a level 
comparable with that of the normalized 
series. The effect of larger aluminum 
addition with simultaneously smaller 
titanium addition is not large enough or 
clear enough to warrant discussion. In 
these steels titanium probably should not 
be considered as an alloying element in 
the ferrite since any titanium in excess 
of that required for deoxidation would 
combine with carbon (or nitrogen) and 
remain inert owing to insufficiently high 
temperature of treatment. 


Molybdenum Steels: 


In molybdenum steel, something other 
than simple spheroidization occurs at 
elevated temperature, as is apparent in 
Fig. 1, but for this there is a ready 
explanation. On tempering such steels a 
fine groundmass precipitate develops 
see below), appearing earlier the higher 
the temperature, and coarsening with 
time at constant temperature, both in 
the manner of a typical precipitation- 
hardening system. Correspondingly, 
the change is reflected in the hardness. 
Owing to this precipitation, it becomes 
difficult to separate the effect of pre- 
cipitation from that of spheroidization 
and agglomeration. 

The differences among the steels were 
more prominent in the normalized than 
in the annealed condition. The initial 
hardness values were nearly identical 
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(Table I1) for the annealed condition 
with the exception of the very high 
aluminum steel, No. 6; the normalized 
samples showed a greater spread. 

With minor exceptions the hardness 
change on tempering the normalized 
steels is similar in all except No. 6. 
At 900 F., hardness rises after the 100-hr. 
period and at 5000 hr. has not yet fallen 
appreciably. At 1000 F., the effect 


has shifted to shorter time and become ° 


considerably smaller or even undetect- 
able; an exception is No. 1 whose hard- 
ness rises between 100 and 1000 hr. 
At 1100 F., the effect is not evident 
except that the softening curves do not 
show the linear variation sometimes 
observed (10,11). This “‘secondary hard- 
ening’” was least pronounced in steels 
Nos. 4 and 6, deoxidized with 1.5 and 3.0 
lb. of aluminum per ton; the significance 
of this is not known. 

As noted earlier, the effects of agglom- 
eration and of precipitation cannot be 
distinguished. Evidently the hardness 
as determined represents some sort of 
average of the hardening due to the 
groundmass precipitate and the soften- 
ing which accompanies spheroidization 
and agglomeration of the carbide and of 
the precipitate. At the lower tempera- 
ture, hardening predominates; at the 
higher, softening predominates. 

The annealed samples all show much 
less evidence of either softening or hard- 
ening than the normalized. The reason 
for this may be that equilibrium is more 
nearly attained during the slower cooling, 
while the lesser softening may be attrib- 
uted to the coarser carbide which like- 
wise results from slower cooling. It 
may also be noted that, as in the an- 
nealed carbon steels, short tempering of 
the annealed samples increases hardness. 
Evidently there is need for more funda- 


5 The term “secondary hardening’’ is generally re- 
served for a reversal in the softening during tempering 
of quenched and hardened steels, but is used here because 
the two processes are certainly akin. 
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- mental study of the tempering process 


in low-carbon steels with initial struc- 


_ tures other than martensite. 


composition. 
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With respect to the effect of aluminum 
on the retention of hardness, comparison 
for steels Nos. 3 and 4 and for steels 
Nos. 1 and 2, at the “low” and “high” 
silicon levels, respectively, shows in both 
that aluminum addition lowers the hard- 
ness of normalized material, and this 
difference is preserved during tempering. 


_ The very large addition, 3 lb. per ton, of 


aluminum to steel No. 6 bears out this 
trend; the loss of hardness is indeed 
surprising, though the low carbon and 
manganese content, in comparison with 
the other steels, is probably an important 
factor in bringing this about. For the 
annealed steels, excepting steel No. 6, 
the initial differences in hardness are 
inappreciable, and no great differences 
appear during tempering. 

The effect of varying silicon cannot be 
evaluated owing to other differences in 
For example, of the three 
(Nos. 2, 3, and 5) to which no aluminum 
addition had been made, steel No. 5 
with the lowest silicon addition had the 
greatest hardness in the normalized 
condition and best retained hardness on 
tempering at each temperature; but the 
silicon was added as Fe-Si-Zr and there 


was an appreciable chromium content. 


4 


Of the two steels with higher silicon 
addition, No. 3 with 7.7 lb. was slightly 
superior to No. 2 with 12.6 lb., but the 
difference may be due to the different 
carbon content. The behavior of the 
annealed samples is not in conformity 
with the relationship noted for the 
normalized samples, though the spread 
is of a minor nature and probably not 
significant. 

Although graphite was observed in 
some samples, as discussed in the follow- 
ing section on metallographic studies, it 
did not, in our opinion, develop suffi- 
ciently to affect the hardness. oe 
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STUDIES OF MICROSTRUCTURE 
Initial Structures: 


Since changes with time at elevated 
temperature are dependent upon the 
initial state, it is of interest to examine 
the structure in the two initial conditions, 
normalized and annealed, and to deter- 
mine whether the variation in deoxida- 
tion practice resulted in noticeable 
differences. The greatest difference, of 
course, is between the annealed and the 
normalized states. This difference, 
which is not great for carbon steels, is 
illustrated in Figs. 2 and 3 for normalized 
and annealed steel No. 9, respectively; 
in the former condition, as would be 
expected, the pearlite lamellae have a 
slightly finer spacing and the pearlite 
areas are somewhat smaller than in the 
annealed condition. Steels Nos. 7 and 8 
are very similar to No. 9, and the effect 
of deoxidation practice within the limits 
studied is apparently inappreciable. 

The molybdenum steels were more 
noticeably affected by variation in deoxi- 
dation practice, particularly in the nor- 
malized condition. Figure 4 for steel 
No. 2 may be taken as representative of 
normalized molybdenum steel except for 
steel No. 6 which, apparently owing to 
its high aluminum addition and lower 
manganese and carbon content, resem- 
bled the carbon steels more than it did 
the molybdenum steels, though there 
was yet some tendency for the pearlite 
to assume the Widmanstiitten structure 
characteristic of molybdenum steel. 
Consequently the carbide plates of this 
steel were appreciably thicker than in 
the others. Some martensite, the light 
gray areas in Fig. 4, was found in all the 
normalized molybdenum steels except 
No. 6; this was surprising in view of the 
fact that the austenitizing had been 
carried out in § by 1}-in. bars for } hr. at 
1650 F. This martensite is probably to 


be attributed primarily to the relatively 
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Etched in Picral. 


iG. 4.—Steel No. 2 Representing Normalized 
‘tructure of the Molybdenum Steel Series 
Except Steel No. 6)(X 1000). Etched in Picral. 


Fic. 2. Steel No. 9 Representing Normalized 
Structure of the Carbon Steel Series (X 1000). 


Fic. 3.—Steel No. 9 Representing Annealed 
Structure of the Carbon Series (X 1000). 
Etched in Picral. 


Fic. 5.—Steel No. 3 Representing Annealed 
Structure of the Molybdenum Series (except 
steel No. 6). However, the acicular structure 
in the upper right hand corner occurred only in 
steels Nos. 2, 3, and 5 (X 1000). Etched in 
A Picral. 
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high manganese content, which inci- 
dentally is greater than permitted in 
AS.T.M. pipe specification A 206,° 
though within A.S.T.M. plate specifica- 
tion A 204.7 The two low-aluminum 
steels Nos. 3 and 5 with medium silicon 
content showed the least amount of 
martensite (other than steel No. 6) but 
interestingly were hardest in the nor- 
malized state. The hardness test is 
apparently insensitive to small amounts 
of martensite, and the greater hardness 
is to be attributed to a more favorable 
dispersion of the carbide patches. 

Figure 5, except for the acicular 
structure in the upper right hand 
corner, is typical of the annealed 
structure of all the molybdenum steels. 
This acicular structure appeared only in 
the three low-aluminum steels Nos. 2, 
3, and 5 and occupied the greatest 
volume in steel No. 3. The nature of 
this constituent, which resembles the 
lower bainite of plain-carbon steel, is 
not known, though its behavior on 
tempering and its etching characteristics 
strongly indicate it to be carbide. This 
structure has not been observed in 
normalized steels. Steel No. 6 in the 
annealed condition had a structure quite 
similar to that in the normalized condi- 
tion, having a slightly coarser pearlite 
and some free carbide at the grain 
boundary; the similarity in structure 
accounts for the similarity in hardness. 


0. 


ria. 


Progress of S pheroidization: 

A review of the literature did not 
reveal any established method of evalu- 
ating metallographically the degree or 
stage of spheroidization. Any exact 
quantitative method would be exceed- 
ingly tedious and hardly worth while, 
particularly in view of the fact that our 

‘AS.T.M. Tentative Specifications for Seamless 
arbon-Molybdenum Alloy-Steel Ps ye for Service at 
Temperatures from 750 to 1000 F. 206 - 44 T), 1944 
AST.M. Book of Standards, Part L p. 1321. 

AS.T.M. Standard Specifications for Molybdenum- 


‘eel Plates for Boilers and Other Pressure Vessels 
1204 - 44), ibid., p. 81. 
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commercial annealed and _ normalized 
structures necessarily contained varying 
interlamellar spacings and carbide thick- 
nesses because they formed over a range 
of temperature. Accordingly, resort was 
had to a choice of three arbitrary stages 
of spheroidization: (1) first detectable 
change, (2) intermediate, and (3) ad- 
vanced change, illustrated respectively in 
Figs. 6 (a), (6), and (c). Admittedly 
this choice is arbitrary and the classifica- 
tion depends to some extent upon the 
observer, but it is felt that the method is 
sufficiently exact for the present. The 
specimens were examined by two observ- 
ers and yielded the data in Table III 
and Fig. 9. 


Carbon Steels: 


It is apparent that, generally speaking, 
the furnace-cooled specimens were more 
resistant to spheroidization than the 
normalized. This is natural since sur- 
face tension which brings about agglom- 
eration is greater and the concentration 
gradients which control diffusion are 
steeper for the thinner carbide platelets 
of the normalized samples. As regards 
the effect of variation in deoxidation 
practice upon spheroidization rate, it is 
not possible to separate the effects of the 
titanium and the aluminum since both 
were varied simultaneously and since the 
differences are small. It is apparent, 
however from Table III and Fig. 9 that 
steel No. 7 with no titanium and high 
aluminum addition was the most resist- 
ant to spheroidization, and that No. ‘ 
with no aluminum (except possibly as 
contained in the ferro-carbon-titanium 
addition) and high titanium addition 
was the least resistant. 


Molybdenum Steels: 


| 

As in the carbon steels and for the 

same reasons, the furnace-cooled samples 

spheroidized more slowly than the nor- 
malized. Moreover, as a whole, the 


| 
| 
| 
| 


_ molybdenum steels were more resistant 


4 


q 


to spheroidization owing, perhaps, to the 


necessity for diffusion not only of car- 


bon, but also of molybdenum, a process 
which occurs at an appreciably slower 
rate than for carbon (23). Examination 
of Table III or Fig. 9 reveals that 
minor differences in spheroidization rate 
can be brought about by differencesin 
deoxidation practice. Thus, the addi- 
tion of 1 to 1.5 lb. of aluminum per ton 
to silicon-killed steels accelerates sphe- 
roidization as shown by comparison of 
steel No. 1 with No. 2 and of No. 3 
with No. 4; the steels of each pair were 
identically deoxidized except for the 
aluminum addition, and in most cases, 
whether normalized or annealed, the 
steel with aluminum addition reached a 
given stage of spheroidization sooner. 
Steel No. 6 with the largest aluminum 
addition (but no silicon) was most re- 


_ sistant of all; it seems likely that this 


is to be attributed to the initially coarser 
lamellae. Comparison of steels Nos. 
2 and 3, high and low silicon, respec- 
tively, with no aluminum addition, 
shows the lower silicon to be the more 
resistant to spheroidization whether nor- 
malized or annealed. This trend is pre- 
served in the presence of aluminum as 
shown by comparison of steels Nos. 4 and 
1 (though the aluminum addition was 
not the same in both). Comparison of 
steel No. 5, Fe-Si-Zr, with steel No. 3, 
Fe-Si, and no aluminum in either case, 
does not reveal any very consistent 
difference, the former being perhaps 
slightly less resistant. Incidentally, it 
is of interest to note that steel No. 5 
had 0.24 per cent chromium residual; 
steel No. 6 with 3 lb. of aluminum also 
had an appreciable, 0.17 per cent, chro- 
mium residual, but whether this has 
anything to do with the resistance to 
spheroidization of this steel is not known. 


“Complex Precipitate”: 


_ All of the molybdenum steels, whether 


SmitTH, MILLER, AND TARR ON STRUCTURAL CHANGES IN STEEL 


previously normalized or annealed, de- 
veloped during tempering the faint 
background precipitate in the matrix as 
in Figs. 6 (c) or 8 which is characteristic 
of this grade of molybdenum steel (24). 
This precipitate, about which little is 
known, has generally been termed “com- 
plex precipitate.” It takes longer to 
show the lower the temperature. It 
appears to develop uniformly throughout 
a grain, though on continued tempering, 
it becomes scarce in the vicinity of the 
grain boundaries, while at the same time 
massive “‘carbides” develop there (Figs. 
6 (c) and 8). Such behavior indicates 
that carbides of different composition are 
present. However, it is difficult to 
understand how the ‘complex precipi- 
tate,” if it is molybdenum-rich, could 
agglomerate so rapidly since molyb- 
denum would be expected to diffuse 
slowly. Perhaps what is really happen- 
ing is that carbon is given up by the 
precipitate or by molybdenum diffusing 
to it and that only carbon is diffusing 
to form the massive “‘carbide.” This is 
reasonable in that carbon can be ex- 
pected to diffuse at a relatively rapid 
rate. There is evidently yet a great 
deal to be learned about the iron-carbon- 
molybdenum alloys. Presumably this 
precipitation accounts for the charac- 
teristic hardness changes on tempering 
these steels; moreover, both phenomena 
must be akin to the secondary hardening 
of quenched-and-tempered. steels. No 
attempt was made to correlate the 
appearance of the precipitate with the 
beginning of rise in hardness since the 
precipitate is difficult to resolve in its 
early stages of development at which 
the greatest hardening can be expected to 
occur. 


Gra phitization: 
Because of the recent interest in 
graphitization (21, 22), an intensive 
in the 
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unetched and etched conditions was _ this particular region during the welding 
made to determine the presence of process. 

graphite. These studies were begun An attempt, admittedly not quantita- 
without any idea of the piping failure tive, was made to rate the samples as 
(21) in mind, and the results may have to extent of graphitization; the results 
little or no bearing on that problem, are listed in Table III and charted in 


TABLE I1I.—PROGRESS OF SPHEROIDIZATION AND OF GRAPHITIZATION, AS OBSERVED AFTER 5, 15, 
50, 100, 300, 500, 1000, 3000, AND 5000 HR. AT TEMPERATURE. 


Ti Time to Reach of Graphiti- 
ime to Reac Stage of Spheroidi- zation, hr. 
Main Deoxidizers zation, hr. (Blank spaces indicate none detected 
| within 5000 hr. at temperature) 
Steel loia,| 90 F- | 1000 F. | 1100 F. 900 F. | 1000 F. | 1100 F. 
NORMALIZED SPECIMENS 
STEEL 
No.1...| 12.6 FeSi 1.0 | 1003000! * | 5{1000/3000' 5! 15! 100 
No. 2 12.6 FeSi 0.0 * 5, 5 50 300 
No. 3 7.7 FeSi 0.0 5000, * | * | 100)/3000)/5000! 50) 300 500 
No. 4 7.7 FeSi 1.5 5000 * | * | 50) 500|/1000) 5) 50, 300 
No. 5 5.1 FeSiZr 0.0 3600 * | * | 500'1000|)3000! 50 100, 300 
No.6...| 0.0 FeSi 3.0 5000 * | * |1000) 3000/5000) 100) 300) 1000, 5000; * | * |3000) * | * 
CARBON STEEL 
No.7...| 10 FeSi | | [| | 
| FeCTi 1.0 3000 5000 50 5001000 15! 50 300 000 
No. 8 10 ~FeSi | | | 
4. FeCTi 0.5 | 300 1000 3000 100) 5C0.1000 5, 50 300 5000; * | * |1000) * | * 
No.9...) 10 FeSi | 
6 FeCTi | 0.0 50 5001000 5 5 15 50 * (5000) * | * 
ANNEALED SPECIMENS 
MOLYBDENUM STEEL 
No.t...| 12.6 FeSi 1.0 |5000| * | * | 300/1000|3000, 15| 100 * | * 300'1000/s000 
No. 2 12.6 FeSi 0.0 5000; * * | 50030005000 15) 100) 500 
No 7.7 FeSi 0.0 5000 * * 200) 3000/5000) 100) 300 1000 | 
N | 7.7 FeSi 1.5 * ° 50) 300 5000, 5, 100 500 } 3000; * * |1000'3000 * 
5.1 FeSiZr | 0.0 |5000 * | * | 3003000 * 300! 500 | 
»...| 0.0 FeSi 3.0 |5000; * | * | 500) * | * | 100) 300/1000. 5000} * | * |1000} * | * 
CARBON STEEL 
10 FeSi | | 
| 0 FeCTi | 1.0 5000 *  * 50 3001000! 15 100 500 5000 * | * 
10 ~FeSi 
4 FeCTi | 0.5 5000 * | * 50 300 500, 15 100 500 5000) * | * |3000) * | *4 > 
) 10 ~FeSi | 
6 FeCTi | 0.0 300 * 300 1000! 15 50 300 3000/5000 * * 


* Greater than 5000 hr. (limit of observation). 


since failure in that case resulted from Fig. 9. In some instances the graphite 
localized xraphitization near the low- proved to be segregated, though no other 
temperature end of the heat-affected evidence of segregation was apparent. 
zone of a weld by which the pipe in Figure 7, of annealed steel No. 6 held 
question was joined to another member. for 1000 hr. at 1100 F., illustrates this 
It has been postulated (8) that graphiti- phenomenon. There was also, in a few 
zation came about because of the char- samples, an apparent tendency for 
acteristic structures which originated in graphite to appear near the surface as 
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though its formation had been aided by 
inward diffusion of some agent from the 
atmosphere. To provide an idea of 
what is meant by the various stages, 
Fig. 8, of steel No. 1 annealed and held 
5000 hr. at 1100 F., illustrates the 
extent of graphitization termed stage 3. 
The other types showed correspondingly 

: fewer nodules in any one representative 
field. 
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normalized specimens; in fact, only in 
steel No. 6, which incidentally contained 
an appreciable chromium residual (0,17 
per cent), was graphite detected in the 
normalized molybdenum steels. The 
use of titanium as a stabilizer of carbide 
and graphite inhibitor is under investiga- 
tion at the present time. 

In the carbon steels, the extent of 
graphitization or the time for its appear- 


Fic. 7.-Segregated Graphite in Annealed Steel 

No. 6 after 1000 hr. at 1100 F. Average field 

in this specimen would contain very little or no 
graphite (X 1000). Etched in Picral. 


It is interesting that the three 
molybdenum steels that graphitized were 
those to which aluminum had been added 
in the mold, and that of these three, the 
one with highest silicon, No. 1, graphi- 
tized to the greatest extent, and that 
with lowest silicon, No. 6, least (in 
spite of having the large aluminum addi- 
tion of 3 |b. per ton). It is also 
interesting, and perhaps unexpected, 


that graphitization proceeded more ex- 


 tensively in the annealed than in the 


Fic. 8.—Annealed Steel No. 1 after 5000 hr. 
at 1100 F. Typical of stage 3 extent of graphiti- 
zation (X 1000). Etched in Picral. 


ance was apparently independent of 
initial condition, that is, whether nor- 
malized or annealed; and no clear rela- 
tion to deoxidation practice is apparent. 
In both series graphite appears generally 
to form faster the higher the temperature 
within the range studied. 

In this connection it has been sug- 
gested that the type of structure devel- 
oped in the carburizing test (commonly 
known as the McQuaid-Ehn test) may be 
indicative of susceptibility to graphitiza- 
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tion according to the following scheme: 
steels which show a so-called ‘‘abnormal”’ 
structure are prone to graphitize, while 
those which show a “normal” structure 
are resistant to graphitization. The 
relationship between the two phenomena 
(if there proves to be such) apparently 
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Pearlite No. 50) and furnace cooled at 
a rate which averaged about 4 F. per 
minute in the temperature range 1700 to 
1000 F. are given in Table I. It is ap- 
parent that for the molybdenum steels 
there appears to be a correlation between 
graphitization tendency and degree of 


is to be attributed to the presence of ‘‘abnormality.”” That is, those which 
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Fic. 9.—Progress of Spheroidization and Graphitization of Six Molybdenum and of Three Carbon 


Steels in: the Normalized and the Annealed Condition at 900 F., 


1000 F., and 1100 F. Observations 


Were Made at 5, 15, 50, 100, 300, 500, 1000, 3000, and 5000 hr., Except that (as indicated by Dotted 
Lines) Spheroidization Was Not Followed Beyond Stage 3. 


aluminum or alumina which promotes 
both graphitization and “abnormality.” 
Though, as pointed out above, our 
sraphitization studies may not have any 
lationship to graphitization in weld 
neat-affected zones, we nevertheless 
thought it desirable to carry out car- 
burizing tests on samples of each steel. 
The results of such carburizing tests 
carried out for 8 hr. at 1700 F. in a 
commercial (Houghton’s 


al 


graphitized within 5000 hr. (steels Nos. 
1, 4, and 6) were steels to which alumi- 
num addition had been made and which 
were both fine-grained and “abnormal.”’ 
Whether this is always the case, and 
whether “normal” steels are indefinitely 
resistant to graphitization, cannot be 
decided on the basis of our limited stud- 
ies. We suspect, however, that the 
apparent relationship can only come 
about through an accelerating effect — 
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of the aluminum addition (which tends 
to produce ‘“abnormality”’) on the rate 
of graphitization, not on the thermody- 
namic stability of graphite relative to 
carbide. The three carbon steels showed 
approximately the same degree of car- 
burized structural normality, and in 
spite of their relative “normality,” all 
graphitized. The data for both the 
molybdenum and carbon steels are too 
meager for reliable evaluation of the 
worth of the carburizing test as an 
indicator of susceptibility to graphiti- 
zation. 

Moreover, it remains to be seen 
whether simply the aluminum addition 
or some other direct quantity may not 
- serve just as well as, or better than, the 
carburized structural normality for test- 
ing graphitization susceptibility. This 
test was developed for carburized steels 
and its results bear directly only on the 
problem of carburization; the degree of 
normality or abnormality developed is 
dependent upon such factors as cooling 
rate, alloy content, and probably such 
less easily controllable factors as the 
carburizing atmosphere. The test is 
more frequently used for austenite 
grain-size determinations, but it is to be 
emphasized that the grain-size values 
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Mr. F. Eperte! (by letter).—The ini- 


tial hardness increase which is particu- 
larly noticeable in the annealed samples 
on tempering at 900 to 1100 F. seems to 
indicate a submicroscopic precipitation 
phenomenon which promotes suscep- 
tibility to graphitization. We have 
observed in carbon-molybdenum steels 
removed from service installations as 
well as in samples subjected to long- 
time laboratory tests at 1000 F. that 
this steel is considerably more suscep- 
tible to graphitization in the annealed 
than in the normalized condition. Asa 
matter of fact, we have not succeeded 
in producing graphite in high aluminum- 
_ deoxidized (1.8 lb. per ton) carbon- 
molybdenum steel fast cooled from 
very hig temperatures (2200 F.) within 
10,000 hr. at 1000 F. Severe cold de- 
formation prior to the tempering at 
1000 F. which promotes and accelerates 
_ graphitization likewise failed to produce 
graphite. However, when air cooled 
from lower temperatures (1600 to 1700 
-F.), graphite formed. When slowly 
cooled from high temperatures (50 F. 
per hour), this steel graphitized quite 
readily, but much less readily when 
slowly cooled from lower temperatures 
~ (1600 to 1700 F.). This behavior shows 
a marked similarity to the behavior of 
certain low-carbon steels with respect 
to caustic embrittlement which were 
studied by Houdremont of the Krupp 
Works in Germany. When air cooled 
from 1700 F., the steels were resistant to 
caustic embrittlement, but they became 
susceptible to it when slowly cooled 
- from 1700 to 2190 F. Thus it appears 


_1 Research Metallurgical Engineer, The Babcock & 
Wilcox Co., Barberton, Ohio. 


DISCUSSION 


that certain nel low-carbon molyb- 
denum steels are sensitized to graphitiza- 
tion at elevated temperatures by certain 
preheat treatments. 

There can be little doubt that deoxi- 
dation with suitably large amounts of 
aluminum renders the steels under con- 
sideration more susceptible to graphi- 
tization. This has been again demon- 
strated by the aluminum deoxidized 
carbon - molybdenum steels of the 
authors. Since, as the latter have 
pointed out, the thermodynamic stabil- 
ity of the carbide is not likely to be 
affected by the deoxidation with alumi- 
num, it can only be what might be called 
the “atomic and microstructural en- 
vironment” of the carbide which is 
affected in a manner so as to facilitate 
carbide dissociation. This modification 
of the “atomic and microstructural en- 
vironment” of the carbide may include 
the formation of certain compounds such 
as oxides and nitrides of certain solubil- 
ity characteristics and a change in their 
dispersion and distribution pattern, It 
may readily be seen that heat treatment 
may affect the latter. A change in the 
“atomic and microstructural environ- 
ment” of the carbide may also influence 
carbon diffusion and thereby the rate of 
carbide spheroidization and the rate of 
graphitization. The behavior of the 
carbide in the so-called McQuaid-Ehn 
test and its modification by the nature 
of the deoxidation practice employed 
fits well into this general picture and it 
becomes apparent why the McQuaid- 
Ehn test may, with certain limitations, 
indicate the susceptibility to graphitiza- 
tion of certain steels. In this connec- 
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tion, it should be emphasized that the 
“correlation between graphitization ten- 
dency and degree of abnormality” in 
the McQuaid-Ehn test holds true not 
only for carbon-molybdenum steels, but 
also for plain carbon steels. The three 
carbon steels studied by the authors 
were all “slightly abnormal” and there- 
fore sensitive to graphitization. Kerr 
and Eberle, in a paper presented before 
the 1944 Annual Meeting of The Amer- 
ican Society for Mechanical Engineers,” 
have described the case of two plain car- 
bon steel tubes which were totally nor- 
mal in the McQuaid-Ehn test and which 
were found free of graphite after 83-yr. 
service at 1000 to 1020 F. 

Both spheroidization and graphitiza- 
tion are influenced by the nature of the 
carbide and its “atomic and microstruc- 
tural environment.” Alloy carbides, 
such as molybdenum and chromium 
carbides, probably possess a greater 
thermodynamic stability than the 
straight iron carbide and diffuse less 
readily than the latter. A simple cal- 
culation shows that in the molybdenum 
steels under discussion there is not 
nearly enough molybdenum to convert 
the whole carbon into molybdenum 
carbide, and the reason for the greater 
resistance to graphitization of these 
steels as compared with the correspond- 
ing plain carbon steels therefore cannot 
be sought in a greater thermodynamic 
stability of the carbide present. Con- 
sider also the fact that these steels de- 
velop at temperatures where graphitiza- 
tion occurs a molybdenum-containing 
“complex precipitate” in the matrix. 
Obviously, it is not a greater thermo- 
dynamic stability of the carbide in these 
steels which gives them greater resistance 
to graphitization since only a relatively 
small part of the carbide can be a molyb- 
denum carbide, but the modification of 


_ 

*H. J. Kerr and F. Eberle, ‘“‘Graphitization of Low- 
Carbon ‘and Low-Carbon-Molybdenum Steels,’’ Welding 
Journal, Research Supplement, February and June, 1945. 
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the “atomic and microstructural en- 
vironment” by the presence of molyb- 
denum. Similarly, if we add to these 
0.5 per cent molybdenum steels 0.5 per 
cent chromium, we not only convert 
part of the carbide into thermodynamic- 
ally more stable molybdenum and chro- 
mium containing carbide, but we also 
change the “atomic and microstructural 
environment” of the carbide in a manner 
which effectively delays the breakdown 
of the remaining iron carbide into 
graphite. 

Messrs. G. V. SmirH, R. F. 
AND C. O. Tarr (authors’ closure by 
letter) —We are happy to have Mr. 
Eberle corroborate our finding that 0.5 
per cent molybdenum steel graphitizes 
at a faster rate in the annealed than in 
the normalized condition. Whether a 
presumed submicroscopic precipitation 
phenomenon which causes the initial 
increase in hardness promotes suscepti- 
bility to graphitization as Mr. Eberle 
postulates, we do not know. We sus- 
pect, however, that this precipitation 
occurs, at least in part, not at the temper- 
ing temperature, but on or after cooling 
therefrom; that is, we are dealing with 
the well-known quench-aging effect in 


low-carbon steels, the samples = 


been air cooled from the tempering 
temperature and therefore being more 
liable to aging than when originally 
furnace cooled. This aging is therefore 
apparently of a different sort than that . 
occurring in molybdenum steel after 
longer tempering times. We regret that ; 
we did not discuss this adequately in the 
paper. 

As Mr. Eberle states, there can be 7 
little doubt that deoxidation with a 
sufficiently large amount of aluminum 
renders these low-alloy steels more 
susceptible to graphitization. How this 
effect is brought about and its relation to 
the associated phenomena of fine grain 
size and “abnormality” in the carburiz- 
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ing test is not known. We believe that 
further experimentation directed at dis- 
covering the fundamental factors in- 
volved is very desirable. In our opinion 
the most important single aspect of the 
problem is to determine what factors 
influence the nucleation of graphite. 
Once graphite has been nucleated, there 
would seem to be little difficulty in the 
way of its further growth since carbon 
diffuses with relative ease. The problem 
of nucleation is not a simple one. 

We have recently obtained further 
data* on the graphitization of plain 
carbon steel! of interest in regard to the 
relation between “abnormality” in the 
carburizing test and graphitization sus- 
ceptibility. These data, for ten different 
carbon steels, show that those which 
graphitized were abnormal, but not all 
those which were abnormal graphitized. 

If the alloy carbide in a 0.5 per cent 
molybdenum—.15 per cent carbon steel 
can be assumed to be represented by the 
formula MoeC, it is true that there is 
insufficient molybdenum to combine 
with the carbon. However, the avail- 
able data reviewed in the paper, particu- 
larly that of Bowman and associates, 
show that when alloying elements are 
present, we do not have the simple iron 
carbide, Fe;C, nor the simple alloy car- 

3G. V. Smith, S. H. Brambir, and W. G. Benz, ‘‘Com- 
parative Graphitization of Some Low-Carbon Steels with 
and without Molybdenum and Chromium,”’ a paper pre- 


sented at the annual meeting of Am. Soc. Mechanical Engrs., 
November, 1945. 
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bide, as typified by MosC. Apparently 
in all or most carbides there is a mutual 
intersolubility of the elements. That is, 
the atoms of the first alloy addition tend 
to enter into the iron carbide lattice to 
yield a carbide which can be represented 
by (Fe,X);C. After some concentra- 
tion, dependent upon the particular 
element, has been exceeded, a new type 
of carbide appears, but one which also 
dissolves or contains iron atoms. Pre- 
sumably the thermodynamic stability of 
(Fe,X)sC or other carbide depends upon 
the relative amounts of Fe and X. In 
some instances, the mutual intersolubil- 
ity may be very slight, but this does not 
appear to be the case for molybdenum 
steels. As for the “atomic and micro- 
structural environment” of which Mr. 
Eberle writes, this cannot be distin- 
guished, in part, from thermodynamic 
stability since when we speak of iron 
carbide as being unstable, or of another 
carbide as being stable, with respect to 
graphite, we mean that this is true in the 
atomic environment in which the carbide 
exists. Of course, the rate at which a 
thermodynamically unstable carbide will 
revert to stable graphite depends upon 
the rates of nucleation and growth. Of 
these, we believe that the rate of nuclea- 
tion is the controlling factor, as men- 
tioned earlier, and that it is influenced 
greatly by the microstructural envi- 
ronment. 
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A STUDY OF SIZE EFFECT AND NOTCH SENSITIVITY IN FATIGUE | 
TESTS OF STEEL 


lar i H. F. Moore! 


iso 
SYNOPSIS 
r of In this paper the effect of size of specimen on the endurance limit of steel 
on specimens (or parts) is studied from a slightly different viewpoint from that | 
In of the Third Progress Report on Size Effect, which is found in an appendix to 
bil- the 1944 Report of the Research Committee on Fatigue of Metals (1)? In 
not addition to the test data in the Third Progress Report on Size Effect, the test — 
am results reported by Moore and Jordan (2) in the Proceedings of the Fifth Inter- 
it national Congress of Applied Mechanics are used asa basis for this study. 
Mr The size effect in plain (unnotched) specimens is computed on assumption | 
he that a fatigue specimen which fails under cycles of reversed flexure behaves _ 
tin- as if a fatigue crack started slightly below the surface of the specimen, where the , 
mic nominal stress is slightly lower than that af the surface. The further assump-_ 
iron tion is made that at this point below the surface the nominal stress at failure is - 
ther independent of size of specimen, and that the depth of this assumed starting 
t to point below the surface is also independent of the size of specimen. The test 
the results for six different steels gave endurance limits deviating from the results 
nide of computation based on the above assumptions ranging from +8.50 per cent to 
ha —7.05 per cent with a mean deviation of 4.19 per cent. 
will The second part of the report takes up the problem of notch sensitivity of the — 
pon various steels tested, using the methods and graphical solutions given by Neu- 
Of ber (3). In Neuber’s diagrams the determination of the actual strength reduc- : 
tion due to a notch from the theoretical (or geometrical) stress-concentration — 
lea- factor involves a constant p’ (in inches) which Neuber calls a dimension of an | 
nen- elementary structural unit of a metal, but which the author of this paper has | 
iced found it preferable to regard as an inverse measure of notch sensitivity. It was — ; 
nvi- found that the formula Oo 
‘4 3 
p = 0.2 (: x (: 
Su d 


gave values of p’ (in inches) which, when used in the Neuber diagrams, gave 
computed values of strength reduction factor k’ which agreed with the results 
of actual fatigue tests of the six types of steel studied with a maximum devia- 
tion of 8.2 per cent. In the above formula S, denotes the yield strength of | 
the steel, S, the tensile strength of the steel, and d the critical diameter (in 
inches) at the root of the notch. 

In connection with the tests there was discovered to be an appreciable differ- 
ence between bright-annealed S.A.E. 1035 steel polished before annealing and 
the same steel lightly machined and polished after annealing. The fatigue ~ 
strength of the steel polished after annealing was greater than that of the steel 
polished before annealing, and the notch sensitivity was less. 


‘Research Professor of Engineering Materials, Emeritus, University of Illinois, Urbana, Ill. 
* The boldface numbers in parentheses refer to the list of references appended to this paper, see p. 521. 
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Inrropuctory: TestiNG MACHINES AND 
SPECIMENS 


The tendency of test specimens or 
machine parts with large cross-sections 
to fail under repeated loading under 

_ lower computed stresses than do speci- 
mens or machine parts with smaller 

cross-sections is a well-established fact, 
and in the First, Second, and Third 
Progress Reports,’ published in con- 
nection with annual reports of the 
Research Committee on Fatigue of 
Metals, a considerable amount of test 
data on this “size effect” has been given. 
This paper presents further data, and a 
different approach to the problem of 
size effect from that given in the three 
progress reports, and also presents a 
proposed method for determining a notch 
sensitivity constant for use in the 
Neuber method of computing the actual 
fatigue strength-reduction factor, ’, 
caused by notches of different dimen- 
sions and shapes in parts subjected to 
repeated stress. 

The testing machines used for the 
fatigue tests listed in this paper were 
all simple cantilever rotating-beam ma- 
chines, and the critical dimensions and 
general shape of the specimens used may 

_ be determined from the tabular material 
_ and from Figs. 2 and 3. 

The metals studied included the three 
types of steel (with two heat treatments 
of one type) reported in the Third 

Progress Report (1), and also two types 
_ of steel tested by Moore and Jordan (2). 


Errect FoR UNNOTCHED 
SPECIMENS 


In the Third Progress Report on Size 
Effect in Fatigue Tests (1), published in 
the 1944 report of the Research Com- 
- mittee on Fatigue of Metals, this prob- 
em was attacked on the assumption 
that in all metals there are numerous 


: 3 Proceedings, Am. Soc. Testing Mats., Vol. 42, p. 145 
(1942); Vol. 43, p. 109 (1943); Vol. 44, p. 137 (1944). 
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small “inherent” defects which act as 
stress-raisers and that their effect in 
causing stress concentration, and conse- 
quent strength reduction, may be re- 
garded as equivalent to that of some 
small semicircular notch. By a trial and 
error study of the test data in that 
report, it was found that if the effect of 
the inherent defects were considered to 
be equal to that of a semicircular notch 
0.006 in. in diameter, the endurance 
limit of each of the steels tested, assumed 
to be free of such stress concentration, 
would be independent of size of speci- 
men, that is, an endurance limit for 
“flawless” steel, independent of size of 
(unnotched) specimen, would be found. 

However, it has not yet been found 
possible to identify the size of the 
“equivalent” semicircular notch in a 
metal by any other means than by trial 
and error methods involving a large 
number of fatigue tests. 

In this paper the attack on the prob- 
lem is quite different from that above, 
and was suggested by R. E. Peterson 
during a meeting of the Research Com- 
mittee on Fatigue of Metals. It is 
assumed that a fatigue fracture behaves 
as if the fatigue crack starts not at the 
surface of a polished specimen but at a 
small distance / below it. The value of 
h is assumed to be a constant of the 
metal, independent of the size of the 
specimen, and the computed tensile 
stress S, at depth h is also assumed to be 
independent of the size of specimen. 

These assumptions seem, at first 
glance, to be of dubious validity. The 
idea that the critical point where fracture 
starts is on the surface of a flexural test 
specimen, where the nominal tensile 
stress is greatest, is firmly fixed in our 
minds. However a consideration of the 
nature of the metal at and just below the 
surface of a polished specimen makes 
the assumption that fracture may start 
very close to the surface seem not 
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unreasonable. 
face of a specimen slightly cold works 
and strengthens a thin zone or “skin” 
of the metal. How much of this 
strengthening is due to compressive 
stresses set up in this skin and how much 
to rearrangements of the crystalline 
structure of the metal in this cold-worked 
zone is uncertain. However the net ef- 
fect is the strengthening of the outer 
layers of the metal, so that fracture may 
well start slightly below the surface of a 
polished specimen in the weaker metal 
under the cold-worked zone. 

Another way of considering this matter 
is suggested by the explanation of size 
effect proposed (by Morkovin) in the 
Third Progress Report on Size Effect. 
He assumed that in all metals there are 
many “inherent” defects, probably 
microscopic for the most part. These 
defects act to reduce the fatigue strength 
of the metal, and their strength-reducing 
effect is equivalent to that of a small 
semicircular notch at the surface of a 
specimen. For the steels studied in 
the Third Progress Report, the “equiva- 
lent” semicircular notch was found to be 
0.006 in. deep. It seems, not unreason- 
able to assume that the actual fracture 
may start at the bottom of some “in- 
herent” defect at the surface, or at some 
such defect slightly below the surface. 


COMPUTATION OF ENDURANCE LIMITS 
FOR DIFFERENT SIZES OF 
UNNOTCHED SPECIMENS 


Figure 1 shows the stress distribution 
in a round specimen under bending. 
Let S,/ represent the stress at the surface 
—the endurance limit as given directly 
from the results of a series of fatigue 
tests of similar specimens. Let S, rep- 
resent the nominal longitudinal stress at 
the distance h below the surface, where 
the fracture is supposed to start, and let 
d represent the thickness, or diameter of 
the piece. 
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The polishing of the sur- 


Now if there are two sets of unnotched 
fatigue specimens of the same metal, 
one with diameter d’ and the other with 
diameter d”, and if the corresponding — 


Fic. 1.—Nominal Stresses S, and S’, and 
Depth / in an Unnotched Specimen 
Under Bending. 


stresses) are found by test to be S 
and S,”, then: 


2h 
S. = s.(1 - (1-3 


and S, and k are unknown. 


nominal endurance limits 


From: 


and from Eq. 1 


2h 
Se = 


This means that if the assumption of 
the constancy of hand of S, for any metal 
is accurate, regardless of size of speci- 
men, their values can be determined from 
two series of fatigue tests of unnotched 
bars of different sizes, remembering that 
it is important to have surface conditions 
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as nearly alike as is possible in the two 
cases. With h and S, known, it is 
possible to predict for any size of speci- 
men or piece the value of the surface 
stress, S,’, that is the nominal value of 
the endurance limit corresponding to 
any diameter. 

An illustrative example 
procedure more clear. 


may make the 


Given: Specimen A’ with d’ = 0.150 in. and 
endurance limit by test = 40,000 psi. 
and 

Specimen A’’ with d’’ = 0.400 in. and 
endurance limit by test = 36,000 psi. 

To determine: Value of # and of S, for all spec- 

imens of that metal, and the 

nominal endurance limit 

for a specimen 1 in. in diam- 

eter (d’’’ = 1.00) 


From Eq. 3, 


40,000 — 36,000 


~ 2 x 40, 000 2 X 36,000 
0.150 0.400 
43 40K 
= 353, 333 = 0.0113 in. 
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From Eq. 4, 


0.0113 


0.150 

Or 

Se = 36,000 (: = 33,970 psi. 
0.400 


Then from Eq. 2 fora specimen 1 in. in diameter 


33,970 


0.0113 
1.000 


= 34,760 psi. 


The results of two rather extensive 
series of fatigue tests of specimens of 
different sizes and of different kinds of 
steel were studied for checking the reli- 
ability of the assumptions involved in 
using # and S,. One series (hereafter 
called series I) is reported in the Pro- 
ceedings of the Fifth International Con- 
gress of Applied Mechanics (2), and the 
other (hereafter called series II) is re- 
ported in the 1944 Proceedings of the 
A.S.T.M. (1). All fatigue tests were 
made in rotating-cantilever fatigue test- 


TABLE I.—CHEMICAL COMPOSITION, HEAT TREATMENT, AND ME CHANICAL PROPERTIES OF STEELS 
USED IN SIZE EFFECT TEST: 


Heat Treatment | 


Steel 
| 
| 
| 8 
a 3 
S.A.E. 1020 | 
(series II) Tested as rolled 0.22, 0.46) 0.20 
S.A.E. 1020 


(series 1) Strain telieved at 


450 F. 0.20; 0.50) ... 
S.A.E. 1035 
(series I1)...... Tested as rolled 0.34) 0.78) 0.24 
S.A.E. 1035 
(series II)... i i 


Bright annealed in | 
vacuum at 1500 F.| 0.34) 0.78) 0.24 


S.A.E. 2345 | | 
(series 1)......, Water quenched | 
from 1475 F., } 
drawn at 1050 F. 0.46, 0.66'0.197 
S.A.E. X4130 


Quenched and | | 
drawn to approx. 
300 BHN 0. 0.55 


(series II).. 


Chemical Composition, per cent Mechanical Properties 
| 
|% |% 
n 2 
0.033) 0.014) 32 300%, 62000} 28.0) 59 
0.033) 0.011 349007| 59900| 37.2| 64 
0.028) 0.016] 472007} 87.600| 25.0) 50 
0.028) 0.016, 43 400%! 77.600) 27.5 54 
3.32| ... | 0.020) 0.019| 99 500” | 125 500 22.7 | 61 
1.08 ... | 0.20] 0.019) 0.017| 115 600° | 141800| 17.6) 0 


point 
Yield strengt 


- 4 drop of beam or halt of load-indicating pointer. 


by 0.2 per cent offset from straight-line portion of stress-strain diagram. 


TABL 


| $.A.E 
SAE 
SAE 
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TABLE II.—VALUES OF k AND OF S, FROM RESULTS OF FATIGUE TESTS OF UNNOTCHED SPECIMENS, 


h = depth below the surface of the specimen at which the fatigue crack is assumed to start in inches, 
S’, = endurance limit determined by tests of fatigue specimens with diameter d’(inches), and 


S.A 
S.A 
S.A 
S.A 


*, = endurance limit determined by tests of fatigue specimens with diameter d” (inches). ‘ 
S'e— Se 
2S‘e/a’ — 
|e] 
4 f d’ d”, Sey ey 2S | (3)-(4) h (8) in 
in in. psi. psi. | psi. | 
E. 1020 steel, as rolled.......... 0.125 0.500) 34 000 | 28 900 545 000 | 129 400 | 415 600 5 100 0.0119 
E. 1020 steel, strain relieved... . 0.160) 0.500) 29 000 | 28 000 362 000 | 112 000 | 250 000 1 000 0.0040 
E. 1035 steel, as rolled ......| 0.125) 0.500) 39 000 | 35.000} 625 000 | 140 000 | 485 000 4 000 0.0082 
E. 1035 steel, bright annealed, | | 
but not polished after anneal. ....| 0.125, 0.500) 35 000 | 31 500 560 000 | 126 000 | 434.000! 3500 0.0081 
S.A.E. 2345 steel, heat treated...... 0.125] 0.500} 70 250 | 66 500 | 1 124 000 | 266 000 | 858000! 3750 0.0044 
5 A.E. X4130 steel, heat treated ... 0.125) 0.500) 75 400 | 65 000 | 1 205 000 | 260 000 | 945. 000| 10 400 | 0.011L 
| | | | | Avg. 0.00795 


TABLE III.—PREDICTION OF ENDURANCE LIMIT FOR UNNOTCHED SPECIMENS WITH VARIOUS DI. 
AMETERS AND CHECK WITH FATIGUE TEST RESULTS. 


the extreme fiber stress at endurance limit for specimens with diameter d’. 


computed from fatigue tests. 


This is the ordinary endurance limit as__ 


the endurance limit stress, independent of size of specimen, at the depth h below the surface, where the fatigue 
crack is assumed to start. This may be thought of as the endurance limit for direct tension and compression 4 
tests, or as the endurance limit in flexure for specimens so large that the stress gradient over a cross-section ap- 


proaches zero. 


Values of S, were determined from fatigue test results on 0.25-in. specimens. 


h = the distance below the surface of the specimen at which the fatigue crack is assumed to start. In this table the 
value of 0.008 in. is taken for hk. This is the approximate average value of # determined as shown in Table IT. : 


(a) (2) (3) (4) (s) (6) | 7) 
4 
Se D . 
Metal Diame- from Tests wry (S) 
ter, d’, | by test, | 1-2h/d’ of 4-in. S'e, psi. 
in. psi. Specimens, 
psi. psi. | per cent 
.A.E. 1020 steel, as rolled (series II) 0.125 34 000 0.872 34 400 +400 | 41.17 
7 0.250 32 000 0.936 30 000 32 000 0} oO 
A q 0.500 28 900 0.968 31 000 +2100 | +7.28 
; 1.000 28 200 0.984 30 600 +2400 | +8.50 
od _a—@ ' 1.875 28 200 | 0.992 30300 | +2100 | 47.42 
SA.E. 1020 steel, strain relieved 0.160 29 000 0.900 30 200 +1200 +4.12 
series 1) 0.250 29 000 0.936 27 100 29 000 Oo | 0 
0.500 | 28000 | 0.968 28 000 0! 9 
1.000 28 000 0.984 27 600 —400 —1.43 
1.875 28 000 0.992 27 300 —700 —2.50 
4.E. 1035 steel, as rolled (series II) 0.125 39 000 0.872 41 700 +2700 | +6.95 
-250 39 000 0.936 36 400 39 000 o 
0.500 35 000 0.968 37 600 +2600 +7.42 
‘000 | 34400 | 0.984 37000 | +2600 | 47756 
be ee 1.875 34 000 0.992 36 600 +2600 | +7.65 
S.A.E. 1035 steel, bright anneal, pol- 0.125 35 000 0.872 36 500 +1500 +4.28 
hed before annealing (series II) 0.250 34 000 0.936 31 800 34 000 9 0 
0.500 31 500 0.968 32 900 +1400 +4.43 
SAE. 2345 steel, heat treated 0.125 70 250 0.872 71 500 +1250 
series I) 0.160 70 750 0.900 69 500 —1250 
0.250 66 750 0.936 62 500 66 750 0 
7 0.300 71 000 0.947 66 000 —5000 
| 0.500 66 500 0.968 64 500 
. - 0.875 64 000 0.982 63 700 — 300 
0, 1.500 | 66500 | 0.989 63 300 | —3200 
AE. X4130 steel, heat treated | 0.125 | 75400 | 0.872 74800 | —600 
series IT) 0.250 69 800 0.936 65 200 69 800 0 
0.500 65 000 0.968 67 400 +2400 
1.000 63 600 0.984 66 400 +2800 
1.750 63 600 0.991 65 700 +2100 


M 


Mean deviation, predicted values of endurance limit from test values (disregarding sign) 
aximum deviations, +8.50 and —7.05 per cent. 


= 4.19 per cent. 
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_ ing machines (complete reversal of bend- 
ing stress) and the sizes of specimens 
ranged from 0.125 in. to 2.0 in. in 
diameter. Table I gives the chemical 
composition, the heat treatment and the 
mechanical properties of the steels tested. 

For each steel the values of i and S, 
were determined from the fatigue limits 
_ obtained for the specimens 0.125 in. and 
0.500 in. in diameter (except that for one 
steel, S.A.E. 1020, series I, the sizes used 
were 0.160 in. and 0.500 in. in diameter.) 
These small sizes were used because they 
were in the range of sizes within which 
the size effect was most marked and be- 
cause it seemed desirable to see whether 
small specimens could be used to 
predict size effect. Table II shows the 
values of S, and of / determined for the 
various steels. It was found by some 
trials of other sizes to determine these 
values that a considerable variation in h 
- caused but little variation in S,. 

This fact, in connection with the lack 
of any apparent systematic variation in 
the value of h, suggested the use of the 
average value of / for all the steels tested 
for the prediction of endurance limit of 
large specimens from the endurance limit 
of smaller specimens. The approximate 
average value of / was 0.008 in., and the 
prediction of endurance limit for larger 
specimens was based on test results for 
specimens 0.250 in. in diameter—a size of 
specimen which can be tested in the R. 
R. Moore type of rotating-beam testing 
machine or in small rotating-cantilever 
machines. 

Table III shows the comparison of 
predicted results and results by test for 
the different sizes of the different steels 
tested. The greatest deviations of pre- 
dicted endurance limit from endurance 
limit by test were +8.50 and —7.05 per 
cent, and the average deviation, disre- 
garding sign, was 4.19 per cent. These 
results give promise of usefulness for this 
method of predicting fatigue strength of 
parts up to 2 in. in diameter (or thickness) 


from the results of tests of small polished 
specimens. However, with our present 
knowledge, and in view of the failure of 
some much larger specimens at very low 
stress, it would be unwise to extrapolate 
values much beyond 2 in. in diameter, 
Similar tests are in progress on at least 
one of the non-ferrous metals. In the 
appendix to the 1941 Report of the 
Research Committee on Fatigue of 
Metals some data were given which 
showed little “size effect”’ for specimens 
of aluminum-copper alloy 17S-T (4). 


STRENGTH REDUCTION DUE To NotTcuHEs 


The determination of the reduction of 
the fatigue strength on account of 
notches (holes) is proposed, using a 
slight modification of the method used 
by Neuber (3). His method begins by 
determining the “theoretical” or “geo- 
metrical” stress-concentration factor for 
a specimen with a given shape and size, 
using the formulas and techniques of the 
mathematical theory of elasticity. His 
analysis is very complex, but he has been 
able to express the results in the form of 
quite simple diagrams. The Neuber 
diagram for bending stresses in a solid 
circular bar is shown in Fig. 2, and direc- 
tions for its use are given in the caption 
of that figure. For other types of stress- 
ing, the curve OB has a different shape, 
and for some cases the scale for values 
of +/t/p is changed, and for hollow 
specimens a special auxiliary diagram is 
given in Neuber’s book (3). 

Neuber also gives formulas and a di- 
agram for taking account of the fact that 
actual metals are not perfectly homo- 
geneous, not perfectly isotropic, and that 
Hooke’s law ceases to hold, at least above 
a certain limiting stress. Before dis- 
cussing the method of modifying the 
value of k; to obtain the value of the 
actual strength-reduction factor, k’, three 
general tendencies may be noted: 

1. The “theoretical” or “geometrical” 
stress-concentration factor, determined 
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from the Neuber diagram, is in this paper 
denoted by &. The ratio of actual 
fatigue strength determined by test for 
unnotched specimens to the fatigue 
strength of notched specimens of the 
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to the relatively greater proportion of 
area of cross-section occupied by a single 
crystal in a small specimen than the 
proportion occupied by a single crystal 
in a large specimen (5). 


5A 6 


Fic. 2.—Neuber Diagram for Determining &, for a Circular Solid Beam with Flank Angle = 0, 


‘ Solution of Illustrative Problem: 
Given: d = 2.164 in., a = 144d = 1.082 in., ¢ = 0.0625 in., p = 0.04 in. 
Then a/p = 1.082/0.04 = 27.05 and V/ a/p = 5.20 and t/p = 1.56; V t/p = 1.25. 
To determine k; the ‘‘theoretical’’ or ‘‘geometrical’’ stress-concentration factor. 


Enter the diagram at A where V/ a/p = 5.20. Draw a vertical straight line to intersect the Neuber diagram at &. 
Then draw a horizontal straight line to C and a straight line from C to E, where 


V tip = 1.25. 


Then the length of the straight line OF, po to CE measures the value of k;. By the scale across the quarter 


ircles centering on O (this scale begins wit 


same critical cross-section is, in this 
paper, called the “‘strength-reduction fac- 
tor,” and is denoted by k’. Allavailable 
‘data indicate that k’ is less than k;. 

2. It has often been observed, for steel 
it least, that, as the tensile strength is 
increased, the value of the actual 
strength-reduction factor due to a notch, 
k’, approaches the value of ky. 

3. In general, the larger the specimen 
the lower its endurance limit in pounds 
per square inch, (or kilograms per square 
centimeter). However, in view of the 
very low strengths developed by single 
crystals of metal, or in tests of specimens 
made up of a few large crystals (5), it 
seems probable that a minor factor, act- 

ing ina contrary direction, is present, due 


1 not with zero) the line OF scales 2.9. ky = 2.9. 


THE NEUBER REDUCTION DIAGRAM AND 
THE VALUE OF THE FACTOR p’ 


Neuber recognized that k’ is smaller 
than k;, and he suggested formulas and 
a diagram for determining the value of 
k’ from the value of &, factors in the 
operation being: (1) p, the radius (in 
inches) at the bottom of the notch, (2) a 
factor p’ (in inches) thought of by Neuber 
as some dimension of an “elementary 
structural unit” (3), and (3) the flank 
angle w of the notch (see Fig. 3). 


+4 


Figure 3 shows the Neuber reduc- 


tion diagram, directions for its use 
being given in the caption. All the 
notched specimens whose test results are 


_ ‘However in this paper p’ is considered rather as an 
inverse measure of notch sensitivity (notch sensitivity 


high, p’ small), 
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later referred to in this paper hada flank _ tion diagram is quicker than the use of migh 
angle, w, of zero, and in that case the Eq. 5, when that equation does apply, of tl 
that 
Flank Angle w— : the c 
O1T T but 
20° 40° - 608; :80° 120° 140° 160° 180° cont 
| | | by t 
1 redu 
| oret: 
| 
t {0.8 
| | 4 TABL 
| | ™ 
106 
| | 
\ Viel 
Tie. \ Tens 
aS E' (i- 
Va 
5 4 D 3F D2F | 
PZ k, also k 


YP 


Fic. 3,—Neuber Reduction Diagram for Determining Strength-Reduction Factor k’ from 
“Theoretical” Stress-Concentration Factor 


Solution of Two Typical Problems. 
I, Given V p'/p = 0.47; Flank angle, w, = 0; ky = 3.50. 
To determine the strength- reduction factor k’. 

as Enter the diagram at A where Vp’/p = 0.47. Draw AC horizontally to C whese( the flank onthe eden =0. Draw 
CO to the zero of the scale for ~/p’/p. Enter the diagram at D where k; = 3.50 and draw DE at 45 deg. with ~ horizon- 
talintersecting CO at E. Draw EF vertically intersecting the base line at F. Then OF scales 2.7 and k’ = 
II. Given Vp’ /p = 0.68; Flank angle w = 60 deg. or r/3 radians; ky = 2.2. ce 

To determine the strength- reduction factor k’. 


7 Enter the diagram at A’ where V p’/p = 0.68. Draw A’C’ horizontally. Enter the diagram at B’ where, w, the flank 
angle equals 60 deg. or 7/3, and draw B’C’ vertically to intersect A’C’ at C’. Draw a straight line C’O to the zero of un 
the scale for Vp’/p. Enter the diagram at D’ where ky = 2.2 and draw D’F’ at 45 deg. with the pestnntes to intersect cr 

co at E’. Draw E’F’ vertically intersecting the base line at F’. Then OF’ scales 1.58 and k’ = 1.5 2 

lu 
strength-reduction k’ may be deter- and is usually sufficiently accurate for st 
mined by the formula practical purposes. qT 

— The determination of the constant p 

k’ = 1+ ........ (S) for any metal is the principal difficulty 

1+ Vp'/p 


in the use of the Neuber reduction dia- 
+ 
However, the use of the Neuber reduc- gram. At first glance it seems that p 


> 


ly, 


might well be a function of the grain size 
of the metal, and it is not impossible 
that it may be a function of the size of 
the original austenite grain size in a steel, 
but this is by no means a well-established 
conclusion. It seems reasonable to sup- 
pose that the increased strength shown 
by the fact that k’, the actual strength- 
reduction factor, is less than the “‘the- 
oretical” (or ‘‘geometrical’’) stress-con- 


TABLE IV.—MECHANICAL PROPERTIES, DIM wet AND FACTOR p’ FOR DIFFERENT SIZES OF STEELS 


p’ = 0.2 (1 — SysSu)® XK (1 — 0.05/d) 
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assumption of such a value for p’ in Fig. 
3 it would give good agreement between © 
computed values of k’ and values of k’ 
determined directly by fatigue tests. 
Using a value of c of 0.15 in., a fair agree- 
ment between computed values and test 
values of k’ was found for the tests of all - 
the steels whose test results were given 
in the two series of tests referred to 
earlier in this paper. 


Diameter S.A.E. 1020 Steel 


S.A.E. 1035 Steel S.A.E. 2345 


4130 Stee 
Steel, Heat 
Specimen as Strain | As | Bright | Treated 
| | Rolled | Relieved | Rolled | Anneal | 
MECHANICAL PROPERTIES AND RATIOS : 
Test Series ul I | u } I 
Yield Strength, Sy, psi. 9s 32 300 34 900 47 200 43 400 99 500 115600 
Tensile Strength Sy, psi. per | 62000 59 900 87600 | 77600 125 500 141 800 
Sy =e 0.520 0.583 0.540 0.560 0.793 0.818 
Su | 
1 — Sy/Su 0.480 | 0.417 0.460 0.440 0.207 0.182 : 
(4 3 
(1 Sy/Su)> 0.1106 | 0.0725 | 0.0973 | 0.0852 0.0089 0.0060 
VALUES OF p’, IN. 7 
0.125 | 0.0133 | 0.0087 | 0.117 0.102 0.00107 0.00072 : 
0.160 0.0100 : 0.00123 
0.250 0.0177 | 0.0116 | 0.0156 | 0.0136 0.00143 0.00096 
0.300 0.0121 0.00148 
0.500 0.0200 | 0.0131 0.0175 | 0.0153 0.00160 0.00108 
0.625 0.0133 0.00164 
0.875 0.0137 | 0.00168 , 
1.000 0.0210 | 0.0138 | 0.0185 0.00169 0.00114 
1.500 0.0140 0.00173 | 
1.750 0.0141 0.00178 | 0.00116 
2.000 0.0142 | 


centration factor is due in large part to 
the resistance to fracture of a metal 
under repeated plastic strain. This in- 
creased resistance might well be some 
function of the ratio between tensile 
strength, S,, and yield strength, Sy. 
The function 


Su — _ 
5) 


was tried out to see whether with the 


However, a slight general tendency 
was noted that when the value of c was. 
chosen so as to fit test results for small 
specimens, the values of k’ rockers 
for the larger specimens were found to be 
slightly too large. To correct this 

tendency, at least partially, advantage 
was taken of the probable slight minor 
tendency to weaken small specimens on 
account of the proportionally larger part 
of the area occupied by a single grain (5) 
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and the following formula was next 
tried, 


where: 


the diameter of the specimen (in 
inches), 

the yield strength of the metal, 

the tensile strength of the material 
(sometimes called the “ultimate” 
strength), and 

= constants. 


Sy 
Su 


5 


By the process of trial and error, the 
values of c and q are taken as 0.2 in. and 
0.05 in., respectively, on the basis of 
giving quite satisfactory agreement be- 

tween computed values of k’ and values 

of k’ directly determined from fatigue 

test results, so that the following formula 

is proposed for the value of p’ for steel. 

In this formula p’ and d are both ex- 
pressed in inches. 


p’ = 0.2(1 — Sy/Sy)® (1 — 0.05/d). . (6) 


In Fig. 3 is shown the method of de- 
termining the value of k’ by the use of 
- the Neuber reduction diagram, and two 
illustrative problems are solved. 
In Table IV are listed the values com- 
puted by the use of Eq. 6. In Table V 
are listed the values of k’, the strength- 
- reduction factor, computed by the use 
of the Neuber diagrams and the values 
of p’ given in Table IV, and also the value 
of k’ given by actual fatigue test results 
_ for different size specimens of the steels 
tested. It will be noted that the maxi- 
-mum deviations of computed values of 
_ k’ from the values of k’ given directly by 
tests are +6.7 and —8.2 per cent, and 
the average deviation (disregarding sign) 
is 2.92 per cent. This result indicates 
that the method of determining notch 
effect for various size specimens of steel 
gives fairly reliable results for round 
steel parts from 0.125 to 1.875 in. in 
diameter. 
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Test REsvutts For S.A.E. 1035 Bricur 
ANNEALED STEEL 


To determine whether residual stresses 
were a main cause of size effect, speci- 
mens of S.A.E. 1035 steel 0.125, 0.250, 
and 0.500 in. in diameter were machined 
and polished and then bright annealed 
in vacuo, as is described in detail in the 
Third Progress Report on Size Effect (1). 
Both unnotched and notched specimens 
were thus treated. Then the specimens 
were subjected to fatigue tests without 
further machining or polishing. It was 
assumed that the thorough anneal would 
remove any residual stresses, and that 
if residual stresses were a major cause of 
size effect, that fact would be shown by 
a diminution of size effect in the tests of 
the annealed specimens. For the un- 
notched specimens no definite difference 
in size effect was noted for the annealed 
specimens. The check between pre- 
dicted endurance limits and endurance 
limits obtained directly from test results 
is not noticeably different from the check 
for specimens which have not been 
annealed, as may be seen from Table III. 

As was expected, both the unnotched 
specimens and the notched specimens of 
the annealed steel showed lower fatigue 
strength than did the specimens tested 
in the “as rolled” condition. The notch 
sensitivity of the annealed steel was 
found to be distinctly higher (value of 
p’ lower) than that for the “as rolled” 
specimens. The strength-reduction fac- 
tor (by test) for the annealed specimens 
averaged 1.81, while for the “as rolled” 
specimens its average value was 1.63. 
Since the appearance of the Third 
Progress Report, tests have been made 
of 0.250-in. fatigue specimens of bright 
annealed S.A.E. 1035 steel which have 
been notched and polished after anneal- 
ing. These specimens showed a fairly 
good check for notch sensitivity with 
the other fatigue specimens tested, and 
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the values for bright annealed S.A.E. affect the “size effect” for specimens of 
1035 steel shown in Table V are the S.A.E. 1035 steel, but it did seem to 


TABLE V.—CHECK OF COMPUTED STRENGTH-REDUCTION FACTOR (k’) WITH STRENGTH-REDUCTION 
FACTOR DETERMINED DIRECTLY BY FATIGUE TESTS. 


The Neuber constant p’ is computed from the formula, p’ = 0.2(1 — Sy/Sy)? X (1 — 0.05/d), in which Sy is the yield 
strength of the metal, 5, the tensile strength, and d is the diameter of the specimen. 

Then the “‘theoretical’’ stress-concentration factor ky may be determined by the use of the Neuber diagram in Fig. 2, 
and using the value of p’ obtained by the above formula, and knowing the angle between the straight sides of the notch 
(in semicircular notches, and in notches cut “‘straight in’”’ perpendicular to the surface, the flank angle w is zero) the 
computed strength-reduction factor k’ may be found by the use of the second Neuber diagram shown on Fig. 3. In both 
the Neuber diagrams p denotes the radius at the bottom of the notch. 


(1) (2) | . G) (4) (5) (6) (7) (8) (9) (10) (11) 
“Theo-| & |& 
Endurance A Devia- 
Diame-| Limit from Tests, | Radius retical” tion of 
Depth | p’ from | Stress-| SS 
ter of PS. at Root of Formula Concen- (10) { 
men Notch Notch, bove, | tration| > = g=| (9) 
Un- in. | in. | in. Factor,| 
Notched| kt from| 255 Per 
| notched Fig.2| 2 3 cent 
S.AE. 1020 steel, as | 0.125 34000 | 22000 | 0.01 0.01 | 0.0133 | 2.00 | 1.47 | 1.54 | —4.6 
rolled (series II) | 0.250 32 000 20 000 | 0.02 0.02 0.0177 2.00 1.51 1.60 —5.6 } 
0.500 28 900 17 800 | 0.04 0.04 0.0200 2.00 1.59 1.62 —1.9 
1.000 | 28200 | 17200 0.08 0.08 0.0210 2.00 1.66 1.67 —0.6 
| 1.875 28 200 16000 0.14 0.14 0.0216 2.06 1.76 1.76 Oo 
S.A.E. 1020 steel, strain , 0.125 ~ | 23000 | 0.0625 0.0625 0.0087 1.26 1.26 ate 
relieved (series I) |; 0.160 29 000 20 500 | 0.0200 0.0200 | 0.0100 1.74 1.43 1.41 +1.4 
0.250 29000 | 21250 0.0625 0.1250 | 0.0116 1.47 1.36 —2.2 
| 0.500 28000 | 19500 0.0625 0.0625 0.0131 1.74 1.51 1.44 +4.9 
7 | 0.500 28 000 16 500 0.0200 0.0200 0.0131 | 2.38 1.76 1.70 +3.5 
1.000 28000 _ 15500 | 0.0200 0.0200 0.0138 2.60 1.87 1.81 +3.3— 
1.000 | 28000 18 000 0.125 0.125 0.0138 1.74 1.56 8.93 $0.6 
2.000 28 000% 15 000 0.0200 0.0200 0.0200 2.80 1.98 1.87 +5.9 
2.000 28 000% | 17 500 0.2500 0.2500 0.1415 1.74 1.60 1.60 0 
S.A.E. 1035 steel, as | 0.125 39 000 27 000 0.01 0.01 0.0117 2.00 1.47 1.44 +2.1— 
rolled (series II) 0.250 39000 25000 | 0.02 0.02 0.0156 2.00 1.55 1.56 —0.6 
| 0.500 , 35000 | 22000 | 0.04 0.04 0.0175 | 2.00 1.60 1.59 | +0.6 
| 1.000 34 400 19300 0.08 0.08 0.0185 2.00 1.68 1.78 
| 1.875 34400 | 19 300 0.14 0.14 | 0.0189 2.06 1.78 1.78 0 
S.A.E. 1035 steel, bright 0.250 39 000 23500 0.02 0.02 0.0136 2.00 1.55 1.66 -7.1 
anneal (series II)? 
S.A.E. 2345 steel, heat | 0.125 70 250 56 500 0.0625 0.0625 0.00107. 1.26 1.20 1.24 —3.2 
treated (series 9) | 0.160 70 750 44 500 0.0200 | 0.0200 0.00123; 1.75 1.60 1.59 0.7 
| 0.250 66 750 50 000 0.0625 | 0.1250 0.00143 1.46 1.43 1.34 +6.7 4 
0.300 70 000 48 250 0.0625 | 0.0625 | 0.00148 1.54 1.47 1.45 +1.4— 
0.300 70000 | 37000 0.0200 | 0.0200 | 0.00148 2.10 | 1.87 | 1.89 | —1.1 
0.300 70 000 43 500 0.0375 0.0375 0.00148 1.75 1.65 1.61 +2.5— 
0.500 66 500 33 550 0.0200 0.0200 0.00160 2.38 2.07 1.99 +3.0— 
0.500 66 500 44 500 0.0625 0.0625 0.00160 1.75 1.64 1.59 +3.1— 
| 0.875 64 000 35 000 0.0625 0.0625 0.00169 2.06 1.92 1.83 +4.9° 
| 
1.500 66 500 29 500 0.0625 0.1250 0.00173 2.54 2.32 2.25 +3.1 
S-A.E. X4130 steel (ser- | 0.125 75 400 38 600 0.01 0.01 0.00072 2.00 1.79 1.95 —8.2. 
ies IT) 0.250 69 800 37 300 0.02 | 0.02 0.00096 2.00 1.82 1.87 —2.7 
0.500 65 000 35 800 0.04 | 0.04 0.00108 2.00 1.86 1.82 ca 
1.000 63 600 34 600 0.08 0.08 0.00114. 2.00 1.87 1.84 +1.6 
1.750 63600 | 34800 0.14 0.14 0.00116 2.06 1.91 1.83 +4.4 


Mean deviation of predicted values of strength-reduction factor k’ from test values (disregarding sign) = 2.92 per cent. 
Maximum deviations = +6.7 and —8.2 per cent. 
“ Unnotched specimen 1.875 in. in diameter. 

These specimens were notched and polished after annealing. 


values for these specimens notched and increase the notch sensitivity as com- 
polished after annealing. pared with that of the “as rolled” speci- 
The bright annealing did not seem to mens. By the action of machining and 
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S.A.E.1020 Steel-Strain Relieved SAE. 2345 Steel-Heot Treated pol 
35000 80 000 bri 
Unnotched, | | abc 

peg | | Unnotched 

20000 70000 
| Upnotched | Unnotched 
mre? 
4 £5000 | 65 000} 
Unnotched 60000 
Or 
25000 11° 75000 
10° 10° 10 
25 000}— +-002"+1 65000 
10 
a T—fe 
25000 
Ye +; p-0.02" 40000 — 
20000 \ | 00.30" p=0.038 
15000 
| 40000 
d=/, pra ‘3 
25000] d=0.30", p=0.02" 
1SO00 35000 
d= 2"; p=0.25"" | 50000] 
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| 45000} 
15000 40000R—J | 
p=0.02" 40000|-— 230.02") 
25000 t=0.02 
| fe 0.02 | | 
35000) — ++ 
15000 10° 10® 10 
10° 10° 10” 
> . Cycles of Reversed Flexure Li 


Fic. 4.—S-N Diagrams for Fatigue Tests in Series I, 


In each S-N diagram for notched specimens 
d is the diameter of specimen at bottom of the notch, 
p is the radius of the notch at its root, and 
t is the depth of the notch, see Fig. 2. od t 
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polishing, the notch sensitivity of the sensitivity can be applied to non-ferrous — 
bright annealed steel was lowered to metals awaits actual tests of such metals, 
about that of the “‘as rolled” steel, and and tests of at least one non-ferrous metal 


the endurance limit of the annealed steel are now in progress. The capacity of the 
was increased by about 18 per cent. largest rotating-cantilever machine avail- 
Cycles of Reversed Flexure 
iio 108 10 108 1010? 10° 10 
50 000 7 T rT rT | 
40 000}-+- 
0 SAE. 1020 Steel - as rolled a 
30 000 - | | || 
20 000}4 mel | 
| 
& 10000 H 

a SAE 1035 Steel - as rolled 

80 000 
ku q 
70 000 
60 000 
N 
50 000 
NS 

30000 
20 000 ] 


SAE. X4130 Steel, Heat-Treated 7 
o» No Fracture 


10000 ‘Specimens Specimens $ Specimens Specimens Specimens 


Peterson's Tests of 2-inch Specimens 


Fic. 5.—S-N Diagrams for Fatigue Tests in Series IT. | 
S-N Diagrams for Bright-Annealed S.A.E. 1035 Steel Shown in Fig. 6. 

LIMITATIONS OF THE TEST RESULTS able for these tests has limited the maxi- 

OBTAINED mum critical diameter of specimen to 2 

The tests so far studied are all tests of | in., and extrapolation of these results to 

steel specimens. Whether these meth- larger sizes is not to be recommended as 

ids of estimating size effect and notch safe practice, especially in view oi reports 
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of larger specimens failing at much lower 
stresses than those reported in these 
tests. Whether these results are to be 
ascribed to “size effect” or to large varia- 
tions in the strength of the steel through- 
out the cross-section of these large 
specimens, or to other causes, is not clear 
at the present writing. However, the 
presence of very definite size effect for 
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diameters or thicknesses of steel up to 
2 in. has been shown and approximate 
methods suggested for predicting such 
size effect and also for predicting notch 
effect within the limits stated above. 
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APPENDIX 


le 5 - N DIAGRAMS FOR THE FATIGUE TEsTs_ Figs. 5 and 6 show the S - N diagrams 
rs oN WuicH Tuts Paper Is BASED for the fatigue tests except for the tests 
of bright-annealed S.A.E. 1035 steel 
of | Figure 4 shows S - N diagrams for specimens which were machined and 
Pp most of the fatigue tests in series I,and_ polishedafterannealing, = 
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E. Peterson! (by letter).— 
Since several analyses have now been 
made, based on failure involving a dis- 
tance beneath the surface, of ‘“‘notch” 
fatigue data as a function of size, it is 
probably well to classify the basic as- 
sumptions: 

1. Basic endurance limit. 

(a) Consider as a constant for the 
material, using value for large diameter. 

(b) Consider as a variable with diame- 
ter, using a relation representing rotat- 
ing-beam values. 

(c) Consider as a constant S, (perfect), 
from which rotating-beam limits are 
figured as reduced values, variable with 
diameter, due to inherent “notch” de- 
fects. 

2. ‘‘Theoretical” stress concentration 
factor, ky. 

(a) Neuber value. 

(6) Photoelastic value multiplied by 
Neuber ratio of 3-dimensional case to 
2-dimensional case. 

3. Strength theory. 

(a) Maximum shear stress (maximum 
normal stress gives same value in this 
application). 

(6) Shear energy.* 

4. Notch function. 


_ (a) Neuber formula 
ky 


ke = 1+ 

1+ Vp'/r 

1 Manager, Mechanics Dept., Westinghouse Electric 
Corp., Research Labs., East Pittsburgh, Pa. 

2 Two-in. diameter value has been used where available. 


In many cases there is not much difference between }4-in. 
and 2-in. diameter limits. Strictly speaking, to obtain a 


material constant an axial test (Haigh type), free from 
gradient, should be used. 

3 This theory may be conveniently introduced by wring 
ke’ = mkt where m = 0.91 (approx.) for notches an 
(See footnote 5) 


fillets. 


DISCUSSION 


where 
k, = fatigue strength reduction factor 
due to notch, 
p failure depth, and 
ry = notch radius. 
(6) Linear function of constant depth 


Ry = kt (1 — Cp’/r) 


where C = stress gradient constant (use 
3 for notches and fillets). 
(c) Same as (6) but modified so that 


k, = 1 whenr = 0 


1 
k,, = k, peat 


5. Failure distance beneath surface. 

(a) Constant for a given material. 

(6) Variable with diameter. 

Analyses made may be tabulated as 
follows: 


Curve 
Designation 
Present paper by Moore A 
Morkovin and Moore‘ B 


Assumptions Reference 


1(b), 2(a), 3(a), 4(a), 5(b) 
1(c), 2(a), 3(a), 4(a), 5(a@).. 


1(a), 2(b), 3(b), 4(b), 5(a).. Peterson’ 
1(a), 2(a), 3(6), 4(c), 5(a).. Peterson® C 
1(a), 2(a), 3(b), 4(a), 5(a).. D 


While the number of possible com- 
binations of the above assumptions is 
large, the situation is not as complicated 
as it might seem, since some of the 
choices have been found to make but 
little difference, such as 2(a) and 2(b). 

All analyses make use of a constant 
failure depth beneath the surface for a 


4D. Morkovin and H. F. Moore, “Third Progress Re- 
port on the Effect of Size of Specimen on Fatigue Strength 
of Three Types of Steel,” Proceedings, Am. Soc. Testing 
Mats., Vol. 44, p. 137 (1944). ’ 

5 R. E. Peterson, ‘Application of Stress Concentration 
Factors in Design,’’ Experimental Stress Analysis, Vol. I, 
p. 118 (1943). 

®R. E. Peterson, “Relation Between Life Testing and 
Conventional Tests of Materials,” ASTM BULLETIN, 
No. 133, March, 1945, p. 9. 
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given material, although in the present 
paper Moore introduces a multiplier’ 
(1 — 0.05/d) to obtain better agreement 
with the data. Although an assumption 
of constant depth may give a reasonable 
interpretation for a limited amount of 
data, it is by no means established that 
this is a fundamental fact. If the cold 
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accompanying Figs. 1 to 3. We see that 
various combinations of assumptions 
(curves A, B, C, D) can all be made to 
fit the data reasonably well. For the 
present purpose, method B could be 
eliminated as being too complicated, 
although the ideas may be of scientific 
interest. 


working due to machining is of im- 
pon it could in certain cases result 
in considerable variation. 

It is the writer’s opinion that we should 
net look at the analyses herein discussed 
- means of establishing fundamentals, 
but rather as means of providing a de- 
signer with a simple approximate method 
of taking account of notches in figuring 
the strength of machine parts where re- 
eae stresses are involved. With this 
‘in mind, mind, it is of interest to examine the 


7 If this multiplier is used in making charts, it should be 
aj noted that it becomes negative below a diameter of 0.05 in. 


Fic. 4.—Average Notch Sensitivity Curves. 


Fic. 5.—Example Used for Fatigue Problem. 


From the standpoint of convenience 
for design, a method described by the 
author in an earlier paper’ and illustrated 
by the accompanying Fig. 4 may be of 
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value. The method may be illustrated 
by the accompanying Fig. 5 as follows: 

“The critical section is at the fillet 
where kj = 1.85 (Fig. 13 of footnote 
reference 6). The materialisS.A.E. 1035 
steel normalized with an endurance limit 
for 2-in. diameter of 34,000 psi. (If only 
the value at 0.273 in. is available, the 


before, we could then replace the ac- 
companying Fig. + by Fig. 6 which 
would be simpler to use. 


Moore’s relation between p’ and S,/S. 


simplification. If cold working is im-- 
portant, such a relationship may not be 
unreasonable. Using the same data as 


represents a new attempt at further © 


NOTCH RADIUS,T, IN. 
Fic. 6.—Simplified Version of Fig. 4 in Terms of Yield Strength/Tensile Strength. 


expected value at 2-in. diameter would 
be approximately 5 per cent lower using 
Moore’s average results.) The “notch 
sensitivity” value, g, is 0.82 from Fig. 4. 
The maximum nominal bending stress 
which the shaft can carry is then: 


= 


34,000 


~ 1+ 0.82(1.85 — 1) 


= 20,000 psi. 


The design working stress would in- 
clude a factor of safety and would, of 
course, be lower. 


1+ — 1) 


It should again be emphasized that 
we are discussing empirical relationships 
and that these cover only a limited 
amount of data. It is highly important 
to obtain more data, since it is not cer- 
tain that the relationship will apply 
generally. Questions of a fundamental 
character, such as those dealing with 
strength theory, effect of cold working, 
etc., are difficult to answer with “notch” 
test data and should be clarified by 
means of simpler tests. 

Mr. T. McLEAN Jasper’ (by letter).— 
This paper is very timely in that it brings 

8 Technical and Research Director, General American 


Transportation Corp., Chicago, Il. 
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to the attention of engineers and metal- 
lurgists one of the most important meth- 
ods for arriving at the effect of notches in 
materials built into structures with mov- 
ing parts. It is believed that the notch 
type and size can be varied to cover sev- 
eral different shapes which may be met 
with in machine design. The author has 
selected a considerable range of material 
and size of notch. This should set the 
pace for a considerably extended amount 
of work in this field. 

The method of testing for notch sensi- 
tivity is very much more tedious than 
the single blow impact bending test as 
represented by the Charpy or Izod meth- 


ods, but from the point of obtaining re- 


sults which represent more nearly the 
conditions met with in service, it is much 
more to be relied upon than the notch 
impact bending. It is also believed that 
although the method is more tedious to 
apply, it will compensate industry in re- 
ducing the confusion and misconception 
which can surround the less expensive 
impact bending test. 

It is believed that it is very important 


to calibrate any method of testing with 


service results if possible. Such calibra- 
tions should be in the hands of experi- 


enced men as represented by the author. 


Since steel is the material used, it is 
believed that it should be recognized that 
there is a strong tendency in steel making 
to improve the quality very materially 
for the production of aircraft and fast 
moving machinery. These steels are the 
ones used most particularly with small 
factors of safety. 

Mr. H. F. Moore (author’s closure, by 
letter) —In his interesting and valuable 
discussion, Mr. Peterson has outlined 
four procedures for determining endur- 
ance limit of large specimens from endur- 
ance limit found by test for small speci- 
mens, and of determining endurance limit 
of notched specimens from fatigue tests 
of un-notched specimens and the me- 
chanical properties of the metal. In this 
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paper and its discussion there are, then, 
five procedures described by which de. 
signers of machine parts may estimate 
the fatigue strength of such parts. As 
far as the effect of diameter or thickness 
of specimen or part (“size effect”’) is con- 
cerned, the differences in resulting fatigue 
strength as computed by the five pro- 
cedures are small, although appreciable. 
Probably any one of the procedures can 
be used to determine size effect with a 
good degree of reliability for specimens or 
parts up to 2-in. thickness or diameter. 

The five procedures also include the 
determination of actual strength-reduc- 
tion factor k’ due to the effect of a notch 
of given dimensions. The author of the 
paper was especially interested in the 
procedure based on Mr. Peterson’s article 
in “Experimental Stress Analysis,”’ Vol. 
1, p. 118 (1943) together with the use of 
Mr. Pecerson’s Fig. 6 in place of his Fig. 4 
—a procedure which simplifies computa- 
tions materially. 

In Peterson’s Fig. 6 the notch sensi- 
tivity factor g is equal to : — ; in which 

k, is the theoretical stress-concentration 
factor and ’ is the actual strength-reduc- 
tion factor. From this it follows that 
k’' = q (ke — 1) + 1. The curves in 
Fig. 6 are plotted on the assumption that 
the ratio of yield strength to tensile 
strength of the metal is a significant fac- 
tor in determining notch-sensitivity. 
Peterson’s factor g then represents the 
ratio of the actual loss of fatigue strength 
to the theoretical loss of fatigue strength. 
Now from the Neuber formula for actual 
strength-reduction factor 


1+ V»'/p 


it follows that Peterson’s factor g may be 
expressed in terms of the Neuber sensl- 
tivity factor ~/p’/p, or 
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Using two procedures based on Peter- 
son’s reference (2) and on his Fig. 6 and 
also the procedure used in the paper, a 
study of the deviations between com- 
puted values of k’ and the values deter- 
mined directly from fatigue tests has 
been made. The results of this study 
are given in the accompanying Table I. 
In Table I when the computed strength- 
reduction factor k’ is greater than the k’ 
determined directly from fatigue tests, 
the deviation is listed on the “safe” side. 
The computation has predicted a 
strength-reduction factor larger than the 
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to the stress gradient, be more like the — 
notched specimens than the larger un- — 
notched specimens. 

From Table I it seems to the author 
that, while the procedures involving the 


use of Peterson’s Fig. 6 did not show — 


quite so satisfactory agreement between a 


test results and computed results for k’ 
as did the somewhat more elaborate pro- 
cedure outlined in the paper, yet in view 
of their simplifying of computations, , 
either one of them might be used as a 
fairly safe guide in estimating fatigue 
strength of notched parts. To the au- 


TABLE I.—DEVIATIONS BETWEEN VALUES OF k’ AS COMPUTED AND  memees DETERMINED DIRECTLY © 
FROM RESULTS OF FATIGUE TEST 


Maximum Mean 
Deviation, Deviation, G 
per cent per cent 
Procedure Devia- 
; on on on tion, 
tate”? “dan- “dan- gate” “dan- | per cent 
d é ger” a ger” 
side side side 
side side side 
1 ag used in the paper..... ; 14 7 8 3.7 4.3 2.9 
Using Peterson’s Fig. 6; then determining k’ from 
g; then comparing this k’ with the k’ determined 
as the ratio of endurance limit of un-notched 
specimens to endurance limit of notched speci- 
mens of the same size... 9¢ 12 15 5.8 5.8 5.8 
3. Determine g and k’ from Peterson’s Fig. 6; then 
compare that computed k’ with the k’ determined 
as the ratio of endurance limit of un-notched 
specimens 44-in. in diameter to the endurance 
limit of any given size of notched specimen 17 14 10 6.1 | 5.8 


* Data not t available for one set of tests when this second procedure is used. 


one found by actual fatigue tests. When 
computed k’ is smaller that k’ by test, the 
deviation is listed on the “danger” side. 

For the first and the second procedure 
listed in Table I the value of k’ by test 
vas determined from the fatigue test re- 
sults for un-notched and of notched speci- 
mens of the same diameter. For the 
third procedure, the value of k’ by test 
was determined as the ratio of the endur- 
ance limit for j-in. un-notched speci- 
mens to the endurance limit for any given 
size of notched specimen. The stress 
gradient at the root of a notch is greater 
than that at the surface of a large notched 
specimen, and it was felt that the 4-in. 
un-notched specimen might, in respect 


thor the third procedure seems slightly 
preferable to the second procedure. 

The author agrees heartily with Mr. 
Peterson’s remarks on the empirical na-- 
ture of the five procedures proposed. In 
view of the localized beginning of fatigue 
fracture, and of the irregular and (at 
present) uncomputable stress distribution 
between and within the crystalline grains — 
of a metal, it seems highly probable that 
for some time to come we will have to be 
content with empirical formulas for 
fatigue strength. The five procedures — 
seem to the author to offer a reasonably 
safe and reliable set of methods for the 
approximate solution of size effect and 
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notch sensitivity problems in the design 
of structural and machine parts. 

After considering the use of Peterson’s 
Fig. 6 for determining notch sensitivity, 
it occurred to the author that a simplify- 
ing diagram for estimating the size effect 
in un-notched specimens might be useful. 
The accompanying Fig. 7 shows such a 
diagram based on the assumption that 
fatigue fracture acts as if it started 
slightly below the surface of a specimen. 


test results on different size specimens up 
to 2 in. in diameter. The solution of an 
illustrative problem will show how Fig. 7 
may be used. 


Given the nominal endurance limit S% of 
a steel specimen 0.3 in. in diameter as 30,009 
psi., and the value of as 0.008 in. To find 
the value of St for a specimen of the same 
steel 0.9 in. in diameter. 

From the curve for # equal to 0.008 in. 
the ratio S’/S,. for a specimen 0.3 in. in di- 
ameter is 1.054 and for a specimen 0.9 in, 


surface (S.) varies with the diameter of 
a specimen while at some depth / below 
the surface there is assumed to be a 
“basic” stress (S,) somewhat less than 
_ the “nominal” stress and independent of 
_ diameter of specimen. Figure 7 shows 
the computed ratio of S! to S, for a num- 
_ ber of values of #. As is shown in Eq. 1 
_ of the paper the value of S, may be deter- 
_mined if the value of 4 is known, and 
from Eq. 3 of the paper the value of h 

may be determined from two sets of 
' fatigue tests on specimens of two differ- 

ent diameters. For steel specimens it 


| 


was found that a value of / of 0.008 in. 
leads to a satisfactory agreement with 


The “nominal” (surface) stress at the in diameter that ratio is 1.02. Then for 
1.25 = 
\\ 
= 
th 
'.20 
26 
221.15 at 
wt 
s\ 
ao 
DMN 
a 
1.00 — 
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DIAMETER OF UNNOTCHED SPECIMEN, IN. 
Fic. 7. 


‘Diagram for Determining Reduction of Fatigue Strength Due to “Size Effect.” 


the 0.9-in. specimen the nominal endurance 
1.02 
is equal to 30,000 * 


r 
limit S 1054 0 
29,000 psi. 


In a footnote to his discussion Mr. Pe- 
terson suggests the determination of the 
“basic” endurance limit stress directly 
by the use of the endurance limit given 
by tests on a direct tension-compression 
fatigue machine in which the stress gra- 
dient across the specimen would, pre- 
sumably, be zero. A practical difficulty 
in using ‘this method is the difficulty of 
actually getting uniform distribution of 
stress across a_ tension- -compression 


(push-pull) specimen. 
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S up Mr. Peterson does not consider the shown between the results of —. 
f an influence of flank angle of notch on the impact tests and the notch sensitivity of 
ig. 7 fatigue strength of a notched specimen. a metal as shown by tests under repeated 
However, this can be done by the use of stress. It seems by no means certain ; 
5 of the Neuber reduction diagram, Fig. 3 of that single-blow tests would cause the 7 
000 , same type of structural damage as would 
find An interesting point in Mr. Jasper’s fati iat eatin oft th 
ame discussion of this paper is his reference atigue tests. wo eo ol 


to the possible use of Charpy or Izod relations (if any) between Charpy or 


3 in. single-blow impact tests to determine Izod test results and results of fatigue — 
+ notch sensitivity. So far as the author tests of notched specimens might yield - 
ze knows, no correlation has ever been information of value. 7 
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THE EFFECT OF OVERSTRESS IN FATIGUE ON THE ENDURANCE 


LIFE OF STEEL | 
By J. B. Komers! 


SYNOPSIS 


In the past the author has reported tests showing the effects of a limited 


number of cycles of overstress on the endurance limit of steel. 


In the present 


experiments the question to be answered was this: If the endurance life at one 
overstress is reduced by 50 per cent, say, does that mean that the endurance 
life at a subsequent higher or lower overstress has also been reduced by 50 per 


cent? 


The results indicate that, when a high overstress has produced a percentage 


of damage to endurance life, a 


subsequent lower overstress may show equal 


damage in some cases and higher damage in others. 
On the other hand, when a low overstress is followed by a higher over- 
stress, the indications are that the damage to endurance life is less at the final 


stress than at the initial. 


When the initial overstress is low and the number 


of cycles not too large, the effect of the initial overstress may actually increase 


the life at the final stress. 


The harder, stronger steels seem to be more sensitive to damage than the 


softer, weaker steels. 


These experiments should be looked upon as preliminary explorations in a 


field that has considerable practical importance. 


to be. done. 


In three previous papers the author 
has discussed the effect of overstressing 
in fatigue.” In those experiments a 
stress above the endurance limit was 
applied for a number of cycles less than 
that necessary to cause failure, and the 
damage caused by the overstress was 
measured by the percentage that the 
new endurance limit had been decreased 


1 Professor of Mechanics, University of Wisconsin, 
Madison, Wis. 

B. Kommers, “Overstressing and Understressing 
in Fatigue,’ Engineering (London), Vol. 143, May 28 and 
June 11, 1937, pp. 620 and 676. 

Kommers, “The Effect of Overstressing and 
Unc erstressing in Fatigue,” Proceedings, Am. Soc. Test- 
ing Mats., Vol. 38, Part II, p. 249 (1938). 
J. B. Kommers, “The Effect of Overstressing and Un- 
derstressing in Fatigue,’ ’ Proceedings, Am. Soc. Testing 
Mats., Vol. 43, p. 749 (1943). 


Much more work needs 


as compared with the original endurance 
limit before overstress had been applied. 

Since endurance life is an important 
consideration in many applications of 
materials subjected to fatigue, it seemed 
desirable to determine the effect that 
overstressing produces on endurance life 
rather than on endurance limit. In 
these tests the damage caused by an 
initial overstress is measured by the 
percentage that the endurance life at a 
final higher or lower overstress is de- 
creased as compared with the normal life 
at the final overstress. 

Figure 1 shows what is wanted. This 
is a conventional S- N diegeem in which 
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the ordinate S is plotted to the natural 
scale and represents the unit stress to 
which the specimen is subjected. The 
abscissa NV is plotted to a logarithmic 
scale and represents the number of cycles 
required for failure. The ordinate to 
the horizontal part of the curve repre- 
sents the value of the endurance limit. 

In Fig. 1 let E be the initial overstress 
and B the final overstress. Suppose that 
the specimen is stressed for a number of 
cycles from £ to F, and that EF is 20 
per cent of the average normal life EG 
at the stress EZ. The ratio of EF to EG 
will be called cycle ratio and will be 
expressed in per cent. After the cycles 
EF have been applied, it is clear that 


Fic. 1.—Conventional S-N Diagram. 


the endurance life at stress E has been 
decreased or damaged by 20 per cent. 
Suppose that the specimen is next 
stressed at the lower stress B and fails 
at a number of cycles corresponding to 
the point H. Then HD represents the 
damage to the average normal life BD 
that has been caused by the 20 per cent 
cycle ratio at the stress E, and will be 
expressed as a percentage of BD. If 
HD is found to be 20 per cent of the 
normal life BD, then this result shows 
that 20 per cent reduction in life at 
stress E causes an equal damage to life 
at the lower stress B. 

Figure 2 shows a convenient way of 
plotting results from such overstress 
tests. The abscissas show the cycle 
ratios employed at the initial overstress, 


an“ 


and the ordinates show the damage de- 
termined at the final overstress. If the 
damage at the final overstress proves to 
be equal to the damage at the initial 
overstress (per cent damage equals per 
cent cycle ratio), then the damage curve 


will be represented by the 45-deg. line ~ 


OB. However, if the damage at the 
final overstress is greater than at the 
initial stress, the damage curve will lie 
above the 45-deg. line; and if the damage 
at the final overstress is less than at the 
initial overstress, the damage curve will 
lie below the 45-deg. line. 

In this manner experiments were made 
using the combination of a high initial 
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Fic. 2.—Damage Diagram. 


overstress and a lower final overstress, 
and also the combination of a low initial 


ww 


~~ 


overstress and a higher final overstress. 


The author was especially interested in : 


determining whether damage to en- 
durance life at one overstress caused 
equal damage to endurance life at a 
subsequent lower or higher overstress. 
The results will show that this is true in 
some cases but not in others. 


MATERIALS, TESTS, AND TEST 
SPECIMENS 


The two materials investigated were 


an S.A.E. 1020 steel and a low-alloy — 


high-strength steel, which is called steel 
B. The chemical composition is shown 
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in Table I, and some of the mechanical 
properties in Table II. 

The S.A.E. 1020 steel was chosen for 
these tests as an example of a commonly 
used carbon steel, and steel B was chosen 
because a supply of it was available and 
considerable work had been done in de- 
termining its mechanical properties. 
The 1020 steel was received in the form 
of 3-in. round bars, and steel B as 3-in. 
round bars. Both steels were tested as 
received. 

The fatigue tests were carried out on 
R. R. Moore fatigue machines, which 


TABLE I.—CHEMICAL COMPOSITION OF TEST 
SPECIMENS. 
Car- Man- Phos- Sul- Cop- 
° bon ga- | pho- | fur er 
Material | nese, rus, | 
per | per per per | per 
cent | cent | cent cent cent 
S.A.E. 1020 steel 0.20 | 0.37 0.010! 0.03 | 
Steel B 0.30 | 1.50 | 0. 019 — 0.46 
TABLE IIl.—MECHANICAL PROPERTIES. 
S.A. E. 1020 steel 58 750 39020 44.5 66.6 27900 
Steel B 94500 56200) 31.5 64.1 | 45000 


subject the rotating-beam specimens to 
completely reversed bending stresses at 
a rate of 1750 cycles per minute. Figure 
3 shows the fatigue specimen employed. 
Practically all of the fatigue specimens 
had a minimum diameter of approx- 
imately 0.300 in. 

The author wishes to acknowledge the 
work done on the 1020 steel by Norlin 
J. Roche, and on steel B by Gordon H. 
Jaehnig. Thanks are due to the Wiscon- 
sin Alumni Research Foundation for 
providing these research apprentices. 

This work has been carried on as a 
research project in the Department of 
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Mechanics, of which M. O. Withey is 
chairman, and in the College of Engi- 
neering, of which F. Ellis Johnson is dean, 


FINAL OVERSTRESS Less THAN 


When damage caused by overstressing 
is measured by the percentage that the 
new endurance limit is below the original 
endurance limit, the method has the 
advantage that the new endurance limit 
can be determined within close limits, 
On the other hand, when damage is 
measured by the percentage that en- 
durance life is less than normal life, the 
experimenter inevitably encounters scat- 
ter. By scatter is meant the range 
shown in cycles for rupture when a 
series of specimens is tested at the same 


unit stress. 
BRad. =0.330" 


Fic. 3.—Fatigue Specimen. 


Since the damage from overstress is 
to be assessed by results on endurance 
life, it is evident that scatter will make 
it necessary to draw average curves for 
the results. It must be expected that 
any individual result may deviate widely 
from such average curves. However, 
in spite of scatter, it will be found that 
the results obtained show very definite 
trends. 

Figure 4 shows the results which out- 
line the original S-N curve for the S.A.E. 
1020 steel. The endurance limit was 
approximated at 27,900 psi. In the 
first series of tests the initial overstress 
was 36,000 psi., which was 29 per cent 
above the original endurance limit. 
The average normal life at this stress 
was 120,000 cycles. 
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In Fig. 5 the right-hand curve is a 
reproduction of Fig. 4, but showing no 
plotted points for the sake of clearness. 
The plotted points are the results for 
specimens that were first stressed at 
36,000 psi. for a cycle ratio of 20 per 
cent, which was 20 per cent of 120,000 
cycles, or 24,000 cycles. While the 
plotted points show scatter, as was to 
be expected, yet it is still possible to 
draw a fair average curve through the 
points. 

In a similar manner, results were 
obtained for an initial overstress at 
36,000 psi. and cycle ratios of 40, 60, 
and 80 per cent, corresponding to initial 
runs of 48,000, 72,000, and 96,000 cycles. 
The family of curves so obtained is 
shown in Fig. 6. 

Because the material was not as ho- 
mogeneous as was desirable, thus making 
the precise position of the S-V curves 
uncertain, the attempt will not be made 
to draw damage curves from these re- 
sults. It will be sufficient at present to 
point out that the curves in the figure 
are approximately parallel. 

In Fig. 6 assume that the various 
S-V curves are exactly parallel to each 
other from 36,000 psi. down to a stress 
slightly above the original endurance 
limit. If this were true for experimental 
results it would mean that if the damage 
to endurance life is 20 per cent at 
36,000 psi., it is also 20 per cent at any 
lower unit stress. This follows from the 
fact that if the logarithms of two num- 
bers (in this case, cycles for rupture) 
differ from each other by a constant 
amount, then the numbers themselves 
form a constant ratio. 

However, below the original endurance 
limit this argument would have no 
meaning, because, theoretically, the in- 
tercept between the original S-V curve 
and that for 20 per cent cycle ratio would 
be infinite. 

_ Tests to be described later show that 
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in some cases an initial high overstress 
followed by a lower final overstress pro- 
duces greater than equal damage. For 
such cases the family of curves should 
diverge at the lower stresses instead of 
being parallel. 

Other tests to be described ‘later show 
that in some cases an initial low over- 
stress followed by a higher final over- 
stress produces less than equal damage. 
For such cases the family of curves 
should converge at the higher stresses 
instead of being parallel. 
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Fic. 7.—Damage Curves for Steel B. 


Steel B, shown in Tables I and II 
was a much stronger steel than the 
S.A.E. 1020. This steel was tested first, 
before the idea of a family of curves had 
been developed. The method used was 
to test a series of specimens for a given 
cycle ratio at the same initial and the 
same fina! stress and determine the dam- 
age in each case. The average damage 
so obtained gave one point on the dam- 
age curve for a given ratio. Using a 
family of curves as shown in Fig. 6 
gives a much wider range of information. 

For steel B the following combina- 
tions of overstress were used: 30 per 
cent initial and 10 per cent final, 30 
per cent initial and 20 per cent final, 
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and 20 per cent initial and 10 per cent 
final. The damage curves are shown in 
Fig. 7. In this figure each plotted point 
is the average of from two to five results. 


__!00 
° 

& 80}— 

60 

7 
ic Initial Overstress 

=50 per cent 

» 20 Final Overstress 

=7per cent and 

E 20 per cent 

| | 

0 


0 20 40 60 80 100 
Cycle Ratio at Initial Overstress , per cent 
Fic. 8.—Damage Curve for One of Miiller- 
Stock’s Steels. 

In Fig. 7, for the case of 30 per cent 
initial and 20 per cent final overstress, 
the points fall practically on the 45-deg. 
line, showing equal damage at the two 
overstresses. For the other two com- 
binations of stress the damage curves 
lie above the 45-deg. line, indicating that 
the high initial overstress caused more 
than equal damage for the lower final 
stress. 

Some results in a paper by Miiller- 
Stock* made it possible to obtain some 
corroborating data. One of his steels 
was a 0.06 per cent carbon steel of low 
strength and great ductility. The initial 
overstress used was 45 per cent above 
the endurance limit, and at lower over- 
stresses of 27 and 18 per cent, the results 
fell practically on the 45 deg. damage 
line, showing equal damage at the high 
and low stresses. When the final over- 
stress was 9 per cent the damage at 

Miiller-Stock, ‘“‘Der Einflusz dauerend und unter- 
brochen wirkender, schwingender Uberbeanspruchung 


auf die Entwicklung des Dauerbruchs,”’ Technische 
Hochschule zu Braunschweig (1937). 
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this stress was 25 per cent for a cycle 
ratio of 17 per cent at the initial stress. 

A second steel tested by Miiller-Stock 
had a tensile strength of 74,000 psi. 
and an endurance limit of 42,600 psi. 
For this steel the initial overstress was 
50 per cent, and the damage curves were 
almost exactly alike when the final 
overstress was either 7 or 20 per cent. 
This damage curve is shown in Fig. 8. 
The initial overstress was admittedly 
high, and Fig. 8 shows that the damage 
at the final stress was also high, being 80 
per cent when the cycle ratio was 20 
per cent at the initial stress. 


TABLE III.—DAMAGE TO ENDURANCE LIMIT. _ 


= Jamage to 
New E 
Cycle Ratio, ew Endurance Endurance Limit, 


per cent Limit, psi. per cent 
20 26 600 4.7 
40 25 900 ton 
60 25 100 10.0 
80 24 400 12.5 


The results on steel B and this steel of 
Miiller-Stock’s suggest that the harder, 
stronger steels are much more sensitive 
to damage of endurance life than very 
ductile low-strength steels. This effect 
may be related to the difference in notch 
sensitiveness between hard and _ soft 
steels. 

In the experiments on the S.A.E. 1020 
steel the specimens were subjected to an 
initial overstress of 29 per cent and cycle 
ratios of 20, 40, 60, and 80 per cent. 
Table III shows the new endurance limits 
after various cycle ratios at 29 per cent 
overstress. If the curves in Fig. 6 may 
be considered approximately parallel, 
so that the cycle ratio is equal to the 
percentage of damage, then Table IIT 
shows that overstress causes a much 
greater percentage of damage to endur- 
ance life than to endurance limit. 

It is a curious fact that after this 
S.A.E. 1020 steel has suffered a life 
damage of 80 per cent at 36,000 psi., 
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_ the endurance life will again be indefin- 
itely large if the unit stress is reduced 
below the new endurance limit of 24,400 
psi. 

The above results show that over- 
stress has a much more serious effect 
on endurance life than on endurance 
limit. In a similar way the author’s 
1943 A.S.T.M. paper? has shown that 
understressing plus subsequent coaxing 
has a comparatively small percentage 
effect on endurance limit, but the effect 
on endurance life may be relatively 
enormous. In both overstressing and 
understressing, therefore, the effect on 
endurance life is much greater than the 
effect on endurance limit. 

If further tests show that overstress 
_ produces a family of curves (see Fig. 6) 
which are practically parallel to the 
original S-N curve, it will be compara- 
tively easy to determine such a set of 
curves without making all the tests 
that the author had to make to deter- 
mine Fig.6. Suppose that such a family 
of curves was desired for an initial over- 
_ stress of 30 per cent above the original en- 
durance limit. If the curves wanted are 
to be at cycle ratios of 20, 40, 60, and 80 
per cent, it would be necessary only to 
determine the new endurance limits for 
the various cycle ratios at an overstress 
of 30 per cent. Knowing the new en- 
-durance limits for the four cycle ratios, 
the separate curves could be drawn ap- 
proximately parallel to the original S-N 
curve. The new curves would start at 
the initial stress and at a number of 
cycles corresponding to the four cycle 
ratios, and would coincide at the bottom 
with the new endurance limit for each 
cycle ratio. Such a technique would 
make possible the saving of considerable 
time and labor. 


FINAL OVERSTRESS HIGHER THAN 
INITIAL 


The tests previously described in- 


538 KOMMERS ON FATIGUE AND ENDURANCE LIFE OF STEEL 4 


volved a final overstress that was lower 
than the initial overstress. The tests 
now to be described involved a final 
overstress that was higher than the 
initial overstress. 

These tests on the S.A.E. 1020 stee| 
developed a behavior that had not been 
observed before. After the specimen 
had been subjected to a low stress of 5 
per cent above the original endurance 
limit, and the stress then increased to a 
higher stress, it was found that many 
specimens failed by static bending in- 
TABLE IV.—RESULTS FOR DRAWING DAMAGE 

CURVES—S.A.E. 1020 STEEL. 


. 

Cycle | 
| Ratio 
at Dam- 
Jnitial Final Normal Damage, age, 
> letrece | Over- N \ | cycles | per 
© stress | stress, 
3 | per 
= | cent 
1.10 1.05 20 688 700 | 320.000 | —368 700 —115 


-05 40 591 000 | 320000 | —271000 —84.7 
05 60 353 900 | 320000) —33900 —10.6 
-05 80 375 600 | 320000) —55 600 —17.5 


— 


1.15 1.05 20 362 900 220000 —142900 —64.9 
1.15 1.05 40 298 200 2200005 —78200 —35.5 
1.15 1.05 60 258 700 220000' —38 700, —1746 
1.15, 1.05 80 193 600 220 000 26 400 12.0 
1.20 1.05 20 211000 168000 —43000 —25.6 
1.20 1.05 40 262 200 168000 —94200 —56.1 
1.20 1.05 60 163 800 168 000 4 200 2.5 
1.20 1.05 80 71 500 168 000 96 500 57.4 
1.25 1.05 20 143 000 140 000 —3000 
1.25 1.05 40 115400 140000 24 600 17.6 
1.25, 1.05 60 34 800 140000 105 200 75.1 
1.25 1.05 80 66 100 140 000 73 900 52.8 


10 20 150 700 140000' —10700' —7.6 
.10 40 145 500 140000 —5500' —3.9 
.10 60 114 500 140 000 25 500 18.2 
.10 80 124 500 140 000 15 500 11.1 


— 


Note.—Negative damage means an increase of endur- 
ance life. 


stead of by fatigue. Deflection tests 
showed that the initial cycles had not 
changed the stiffness, and the conclusion 
was reached that the tapered sockets in 
which the ends of the specimens fit had 
become worn, thus allowing a slight 
amount of movement. When this was 
corrected, no further difficulty was en- 
countered. 

Table IV gives the results from which 
the damage curves for the S.A.E. 1020 


Damaae at Final Overstress. per cent 
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steel were drawn. Figure 9 shows the 
results obtained when the initial over- 
stress was 5 per cent above the original 
endurance limit, and the final overstress 
was 10, 15, 20, and 25 per cent. 
Because of the difficulty encountered 
by failure of specimens in static bend- 
ing, the points plotted in Fig. 9 are 
the averages of only one to three results. 
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25 per cent Final 


5 


Increase of Life or Negative Damage, per cent 


| 
0 20 40 60 80 100 


Cycle Ratio at Initial Overstress, per cent 


Fic. 9.—Damage Curves for S.A.E. 1020 Steel. 


It was found that as more results were 
averaged for any plotted point, the 
damage curves tended to lose their 
jagged shape and become more smooth. 
If more results had been averaged for 
each point, the numerical values of the 
plotted points would be somewhat dif- 
ferent, but the trend of the curves would 
be as shown. 


Figure 9 shows that after a low over- 
stress of 5 per cent and a cycle ratio of 
20 per cent the endurance life at 10 per 
cent overstress may be increased by 
For this com- 
bination of overstresses, there is an in- 
crease of endurance life even after a cycle 
As the difference 


more than 100 per cent. 


ratio of 80 per cent. 
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Fic. 10.—Damage Curve for S.A.E. 1020 Steel 
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Fic. 11.—Damage Curves for Steel B. 


between the two overstresses increases 
the increase of endurance life diminishes, 
and in the case of 5 per cent initial and 
25 per cent final overstress, the damage 
curve is approaching the 45-deg. line of 
equal damage. 

In Fig. 10 the initial overstress was 10 
per cent instead of 5, and the final over- 
stress was 25 per cent. The damage 
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curve lies somewhat lower than the up- 
permost curve in Fig. 9. 

Three damage curves for steel B are 
shown in Fig. 11. Each plotted point 
represents, in general, the average of 
two results, but in a number of cases 
from three to five results were used. 
For the case of 10 per cent initial and 20 
per cent final overstress there is some 
increase of endurance life, but for the 
other two curves the plotted points all 
lie above the line of zero damage. 

Figure 12 shows the case of 10 per 
cent initial and 20 per cent final over- 
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Fic. 12.—Damage Curve for Steel B. 


stress for specimens that had a ground 
surface instead of a polished surface. 
The damage curve is very similar to the 
corresponding one in Fig. 11. 

A comparison of the damage curves 
for the S.A.E. 1020 steel and steel B 
shows that steel B has smaller percent- 
ages of increased life than the 1020 steel. 
Evidently the stronger steel is more sensi- 
tive to damage. 

Figures 9 to 12 show that when a low 
initial overstress is followed by a higher 
final stress, the effect on the two steels 
for some ranges of cycle ratio is to 


strengthen the material so that the en- 
durance life at the higher stress is greater 


than the normal life at that stress. This 
is shown by that portion of the damage 
curve that lies below the line of zero 
damage. For the larger cycle ratios and 
the higher initial stresses, there may be 
no actual increase of endurance life, 
but the damage at the final higher stress 
is less than the damage at the initial 
stress. This is shown by the fact that 
the damage curves all lie below the 45- 
deg. line of equal damage. If this phe- 
nomenon is found to be generally true for 
all steels, it may be assumed that when a 
steel has had, say, 40 per cent of its en- 
durance life used up at a low overstress, 
it will have left at least 60 per cent of its 
normal life at any higher stress. This 
may be contrasted with the case of a 
high overstress followed by a lower stress, 
in which 40 per cent damage at the high 
stress might mean 80 per cent damage at 
the low stress, or a remaining life of only 
20 per cent. 

For the combination of low initial 
overstress and high final stress, Miiller- 
Stock shows five damage curves for his 
0.06 per cent carbon steel. In four out 
of five cases a portion of the curve falls 
below the line of zero damage, indicating 
increased endurance life. He believes 
that the fifth curve would also have 
shown increased life except for scatter. 

CONCLUSIONS 

1. A high initial overstress for a given 
cycle ratio followed by a lower over- 
stress may, in some cases, show equal 
damage to endurance life at the high and 
low stresses. In other cases the higher 
stress may cause a greater percentage of 
damage at the lower stress. 

2. A low initial overstress for a given 
cycle ratio followed by a higher over- 
stress will generally show that the per- 
centage of damage to endurance life at 
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the lower stress has caused a smaller 
percentage of damage to endurance life 
at the higher stress. 

3. Low initial overstress, for small in- 
itial stresses and the lower cycle ratios, 
may produce actual increase of the 
normal endurance life at a subsequent 
higher stress. 

4. For both the combinations of over- 
stress mentioned under (1) and (2) above, 
it appears that the steels of higher tensile 
strength and lower ductility are more 
sensitive to damage than the weaker 
steels with greater ductility. 


541 


5. If these facts are found to be gener- 
ally true for all steels, it may be assumed - 
that a low initial overstress will not— 
cause more than equal damage to en- 
durance life at a subsequent higher 
stress. On the other hand, a high in- 
itial overstress may cause much — 
than equal damage to endurance life at a 
subsequent lower stress. 

6. The tentative conclusions expressed 
above indicate certain trends. Further 
work is planned so that more complete 
information will be available. 
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Messrs. H. J. GROVER! AND L.R. JACK- 
son! (by letter)—Mr. Kommers’ paper 
is an interesting and valuable contribu- 
tion to information on fatigue properties 
of importance in service conditions. 
One of the results quoted is rather 
surprising. Figure 9 shows measured 
percentage change in life, at each of four 
test levels, due to previous loading at a 
low initial stress level. As the difference 
between the initial level and the final 
level decreases, the increase of endurance 
life gets larger, so that the plotted values 
depart further from the 45-deg. line 
representing the case where measured 
percentage damage and cycle ratio are 
equal. Yet, for the limiting case where 
the difference between the two levels is 
zero, the percentage damage must equal 
the cycle ratio. The effect of varying 
the difference between the stress levels 
is not very definite in the other instances 
quoted (Figs. 7, 8, and 11), but in no 
case does there seem to be a systematic 
approach of measured damage to cycle 
ratio as the final stress level approaches 
the initial stress level. This unexpected 
behavior warrants further examination. 
Some service conditions (in aircraft, 
for example) impose a wide range of load 
magnitudes upon a part. For such 
cases, the excess damage caused by high 
loads may be offset by the strengthening 
from low loads. For such cases, the 
cycle ratio may afford a very useful 
approximation to the resultant damage 
effective at any stress ratio. For ex- 
ample, the data shown for steel B imply 
that a sample run for 20 per cent of its 


1 Battelle Memorial Institute, Columbus, Ohio. 
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endurance life at each of three stress 
levels (30 per cent overstress, 20 per 
cent overstress, and 10 per cent over- 
stress) might show a resultant damage, 
at a final level of 20 per cent over- 
stress, of only 30 per cent compared to 
the cumulative cycle ratio of 60 per cent. 
If, as may happen in service, the dis- 
tribution of loads is such that high 
stresses occur less frequently than low 
loads (relative to S-N curve), the cycle 
ratio would afford an even more con- 
servative estimation of damage. It 
would be of considerable interest in some 
practical applications to have data on 
the cumulative damage produced by 
several stress levels. 

It is to be hoped that Mr. Kommers’ 
work will stimulate further interest, 
both in the understanding of basic 
phenomena involved in behavior of 
metals under repeated loading and in 
obtaining useful approximations for es- 
timating the endurance of materials 
subject to loading at many different 
stress levels. 

Mr. J. B. Kommers (author’s closure 
by letter)—The question discussed in 
their first paragraph by Messrs. Grover 
and Jackson is an interesting one. Let 
me say, first of all, that the type of result 
shown in Fig. 9 has been found on two 
different steels, and has also been found 
in Germany by Miiller-Stock. In such 
experiments I would always expect some 
inconsistency because of scatter of endur- 
ance life, but I believe the trend shown is 
correct. However, I fully expect to per- 
form many more experiments in order to 
be certain of the results. - 
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Perhaps French’s damage line may 
offer a clue as to the explanation of such 
behavior. From this damage line we 
know that with small cycle ratios and 
small overstresses there is no damage to 
endurance limit. The present tests indi- 
cate that there may be an actual increase 
of endurance life. If these low stresses, 
slightly above the endurance limit, have 
an effect which strengthens the material 
for higher stresses, then it would seem 
reasonable to get results such as shown 
in Fig. 9. The action would be analogous 
to that of stressing a virgin material just 
below the endurance limit, which we 
know increases the endurance life for 
higher stresses. The benefit conferred 
by understressing cannot be found by 
continuing at the same stress, but is made 
obvious by testing at a higher stress. In 
the overstressing case, any benefit to 
endurance life conferred by the lower 
overstress cannot be found by continu- 
ing at the same stress, but seems to be 
made apparent by testing at a higher 
stress. 


Stress levels. 


Furthermore, it should be pointed out 
that French’s damage line, while it shows 
no damage to endurance limit for small 
stresses and small cycle ratios, also shows 
that when a test is continued at a con- 
stant stress to failure, there is no change — 
in the end result. 

In studying the effect of overstressing, 
both on endurance limit and on endur- 
ance life, I have been making an attempt 
to find out what changes are going on in 
the material on its journey to failure. 
The changes which occur after a partial 
run to failure usually decrease the endur- 
ance limit, but the present tests indicate 
that they do not always decrease the 
endurance life. 

With respect to the second paragraph 
of the discussion by Messrs. Grover and 
Jackson, I will say that I have made no 
tests in which more than two stress levels 
of overstressing were employed. After 
only two stress levels have been more 
thoroughly examined, it will be interest- 
ing and valuable to investigate the case 
of cumulative damage from a series of 
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A SULFUR PRINT METHOD FOR THE STUDY OF CRACK GROWTH IN 
CORROSION-FATIGUE OF METALS! 


By R. C. BRUMFIELD? } 


THE 


The author has endeavored to describe 


a new procedure for studying the cor- 


rosion-fatigue of metals in so far as this 
procedure differs from the practices so 
widely known through the writings of 
D. J. McAdam, Jr., and his associates.* 
Although the novel features of the new 
procedure lie chiefly in the art of making 
and analysing contact (sulfur) prints, 
certain modifications have been neces- 
sary in the procedure for testing speci- 
mens. In describing the equipment 
and procedure, the author has approxi- 
mated the chronological order of the 
experiences of a specimen in being tested 
and analysed. For purposes of illustra- 
tion and example, the text has been 
written around the investigations under- 
taken by the author in order to prove 
the method.! 


DESCRIPTION OF THE FATIGUE MACHINE, 
THE SPECIMENS AND AUNILIARIES 


The corrosion-fatigue machine used 
by the author was of the rotating-beam 
type and operated at 1425 rpm. (see 
Fig. 1). Weights on the loading rack 
induced a uniform bending moment in 
the specimen over the working section 
and as the spindles rotated, the material 


in the specimen was subjected to a 


sinusoidal stress variation. 


1 This article summarizes the Francis J. Cole Scholar 


_ ship Memoirs (1941-1942 and 1942-1943 awards in Mechani- 


cal Engineering) which were presented in thesis form en 
titled “‘A Method for Recording and Studying Crack 
Growth in the Corrosion Fatigue of Metals’’ to the Cali- 
fornia Institute of Technology in partial fulfillment of 
the requirements for the degree of Doctor of Philosophy 
(1943). 

2Instructor in Mechanical Engineering, California 
Institute of Technology, Pasadena, Calif. 

3“Prevention of the Fatigue of Metals,’’ Battelle 
Memorial Institute, Corrosion Fatigue, Appendix 15, Size 
Effect, Appendix 6, 1941, 


A drawing of the center section is 
shown in Fig. 2. The spindles rotated 
in unpacked journal bearings, lubricated 
by a gear-type oil pump. Drawbars 
held the specimen into accurately mated 
tapers and effected an excellent seal 
against seepage through the spindles, 
The rotating seal was formed by spring- 
loaded Bakelite tubing pressing against 
the ends of the spindle. A sample of 
the corrosive medium was circulated 
through the gland with a Downington- 


Fic. 1.—The Corrosion-Fatigue Machine 


Huber ‘‘Squeegee” pump. Dashpots 
were used to reduce vibration and coun- 
terweights eliminated the tare. 

The specimens were of constant diam- 
eter (0.300 in.) in the center section and 
hence the maximum nominal stress 
amplitude was uniform in the working 
region. The center section was very 
carefully polished and the fillets pro- 
tected from corrosion by a coat of spar 
varnish with a serrated edge. This 
protected the specimen from breaks at 
the fillets and at the edge of the varnish. 
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M4 (7\-Drawbar 4 The machine was driven with an elec- 


Plastic Cement 
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t % DAMAGING OF THE SPECIMENS 
The author damaged twenty S.A.E. 
| 4130 specimens at four different stress 
 & levels for various periods of time in 
a order to obtain a good distribution of 
# data over the important regions on the 
“ant tmp nominal stress versus time at stress plot. 
Fic. 2.—Water Gland Design. Some were run to destruction, others 


D-1 
Fic. 3.—Specimens Damaged in Air-Saturated Oil-Well Brine. Corrosion Products Removed. 
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tric motor through a V-belt, a universal 
joint and a jack-shaft tilted to allow for 
specimen deflection. Upon failure of 
the specimen, a switch automatically 
disconnected the driving motor and the 


e--Spind/le 


two electric clocks. Both clocks were 
---Bakelite Tubing excited at 60 cycles, but one was designed 
: for 50 cycle current and gained by 12 
min. per hour. The time cycle was 
thus increased from 12 hr. to 60 hr., 
eliminating the necessity for attending 


“Rubber Tubing 


Rod Prevents the machine at intervals of less than 
™ Gland Rotation 12 hr 
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only partially damaged. In any case, 
the specimens were carefully extracted 
from the machine, the corrosion prod- 
ucts were removed with fine steel wool 
and photographs taken. Specimens with 
corrosion-fatigue products removed are 
shown in Fig. 3. The appearance of 
corrosion-fatigue fractures is shown in 
Fig. 4. Note that the failures were due 
to the interaction and joining of several 
cracks. This is characteristic of most 
corrosion-fatigue failures. The sulfur 
print method was developed for studying 
E-5 E-6 
Right Half Right Half 


E-5 E-6 
Left Half Left Half 
Fic. 4.—End Views of Corrosion-Fatigue Fractures. 


and recording corrosion-fatigue damage 
as manifested in the formation of these 
cracks. 


PREPARATION OF THE SPECIMENS FOR 
SULFUR PRINTING 

Damaged specimens that had _ not 
_ been broken were cut transversely in two 
= the middle and at least one half 
used for making sulfur prints. 

The tapered end of the damaged 
specimen was rigidly fastened into the 
headstock of a Southbend 9-in. lathe by 
- means of a taper adapter and drawbar 


and the end was trimmed smooth. A 
fine cutting tool was then used to re. 
move the metal on the surface down to 
the bottom of the deepest pits. The 
new cylindrical surface was then made 
smooth with No. 320 grit emery cloth. 
(Each specimen was later cut to suc- 
cessively smaller diameters, in small 
steps, by the above procedure, a sulfur 
print being made after each cut). 
The diameter of the specimen cut in 
this way was then measured to +03 
mils with a Brown & Sharpe micrometer 


E-8 E-7 E-5 E-6 


Fic. 5.—Damaged Specimens Cut to a Radial 
Depth of 7 per cent and Etched to Show Cracks 
Time of Damage at 12,500 psi. Increases, left to 
right). 

and recorded. The specimen was then 
ready for the sulfur printing process. 


METHOD FOR MAKING SULFUR PRINTS 


Specimens with some of the damaged 
material removed, as described above, 
were treated as follows: 

(a) Washed in alcohol to remove cut- 
ting oil and then dried. 

(b) Soaked in concentrated (Techni- 
cal) HCl for 30 to 40 min. to open up 
the cracks smeared over by the cutting 
tool and emery cloth. 
(c) Removed from I 
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water, and dried thoroughly with paper 
towels. The specimens then appeared 
as shown in Fig. 5. 

(d) Left soaking in a water solution 
of NaS (1 part of NasS-9H,O + 2 
parts distilled water) for 45 min., or 
longer, until the author was ready to 
print them one at a time. 

(e) A specimen was removed from the 
NaS solution, quickly and thoroughly 
dried. If a clean surface was not ob- 
tained, the specimen was dipped back 
in the solution and then dried again. 
(The cleanliness of the surface deter- 
mines the lightness and uniformity of 
the crack print background. Light, 
uniform backgrounds are attractive, but 
they are not essential to prints used for 
analysing.) 

(f) A small piece of sulfur printing 
paper (prepared as described below) 
was then carefully wrapped around the 
specimen to avoid smearing; overlapped, 
pressed firmly in place, and removed 
from the specimen surface. If carefully 
done, a clear and distinct reproduction 
of the crack pattern was transferred to 
the printing paper immediately on con- 
tact with the steel. 

The sulfur print was then marked for 
identification, fixed in hypo, washed, 
ferro-typed, and dried. If the first 
print was not satisfactory, the specimen 
was dipped back in the NaS, dried, and 
the process repeated. 

The type of paper recommended for 
making sulfur prints is a No. 4 Azo 
or Velox, glossy, single weight photo- 
graphic printing paper. 

The printing paper was cut into small 
rectangles 1 by 13 in. These pieces 
were soaked in tap water for 15 min. 
or more to soften up the paper and 
gelatin. The soft paper was then “pre- 
formed’? to help in bending around the 
small specimen diameters. The 
forming was done by rolling the paper 
in the fingers around a small (3-in. 
diameter) glass rod. 
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Just before removing the fatigue speci- 
men from the NaeS for the purpose of 
printing, one of these pieces of paper 
was blotted carefully between paper 
towels to remove all excess surface 
moisture. This helped to prevent skid- 
ding by giving the printing paper sur- 
face a tacky consistency which readily 
adherred to the dried specimen surface. 

Sulfur printing requires a certain 
amount of skill and care, particularly 
for the production of prints with light, 
uniform backgrounds. For analysing, 
however, such a background is not 
necessary. The degree of skill required 
is not different from that necessary to 
“roll your own”’ without spilling half of 
the tobacco. 

The following precautions are advis- 
able: 

(a) In making sulfur prints, use (for 
example) the left hand to hold only 
printing paper and paper towels. Use _ 
the right hand to hold the specimen. 

This was found almost necessary to 
avoid staining the photographic paper 
with NaS. 

(6) Guard against lint from paper 
towels, etc., both on the specimen and 
printing paper. Lint from the speci-— 
men in particular stains the printing 
paper. 

The author found it convenient to 
work with 5 to 15 specimen halves in a 
group. Small glass vials (5 by 2 in.) 
filled with HCl or NazS solution were 
used to soak the specimens. The vials 
were held in a wooden rack. Sulfur 
prints can be made very economically 
with a fairly large group of specimens. — 

In the sulfur printing process, corro-— 
sion products and iron sulfide probably 
fill the cracks and help to retain sodium > 
sulfide, which gives an insoluble dark — 
precipitate of silver sulfide in the 
photo-sensitive gelatin when contact 
occurs. The resulting sulfur print is” 
a permanent record of the minute details 
of the crack pattern. 
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METHOD FOR ANALYSING SULFUR PRINTS 


After completion of the printing 
operations, series of sulfur prints made 
at successively greater radial depths 
were mounted and photographed. Seve- 
ral such series are shown in Fig. 6. 
Note the way in which the shallow cracks 
disappear and the deeper cracks main- 
tain their identity and relative positions. 
Selected prints were photographically 
enlarged for study, as shown in Fig. 7. 
The method of analysis was as follows: 

The deep cracks were taken to be the 
more important. These were the cracks 
that remained on the prints made at the 
greater depths. By examination of the 
latter prints, five to ten deep cracks 
were selected for study. These individ- 
ual cracks were easily identified and 
labeled (numbered) on the prints made 
at the successively lesser depths, as 
shown in Figs. 6 and 7. 

The lengths of the crack arcs, aj, 
were measured from photographs such as 
Fig. 7. The angle a; subtended by the 
i” crack was calculated as: 


a; 


a; = X 360 at a Percentage Depth = 
d,—d 
x 100 
where 
M = magnification of the photograph 
used, 
d, = original diameter of the specimen, 
d = diameter of the cut specimen on 
which the particular print was 
made, and 
i = 1, 2, 3, 4, etc., the number of any 


given crack being studied. 


CRACK PROFILES 


The calculations described above were 
collected in tabular form. Knowing 
a; versus percentage depth for the cracks 
studied on a given specimen, it was 
possible to plot “crack profiles” on polar 
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diagrams representing a cross-section of 
the specimens as shown in Figs. 8 and 9, 
The radial coordinate depth varies from 
0 per cent at the virgin surface to 10 
per cent at the center of the specimen. 
The angular coordinate is labeled as 
twice the geometrical angle represented 
since only the half profiles were shown. 
The crack profiles were drawn on the 
assumption of symmetry about radial 
lines. This tremendously simplified the 
measuring procedure and should not 
appreciably affect the crack depth in- 
dicated. 

It was not possible to measure the 
profile shapes very near the surface 
because of the hopeless complication by 
net-works of pits and cracks. Some 
cracks were separated at the bottom and 
joined at the top and vise versa. The 
widths varied widely depending on the 
amount of joining which took place. 
Many cracks were “undercut’’; that is, 
had arcs which subtended larger angles 
at greater depths (see Figs. 8 and 9). 
This undercutting was probably made 
possible by the stress relief in the heavily 
pitted and cracked material near the 
surface. Figure 9 shows one crack (No. 
1) which evidently nearly cut the speci- 
men in two pieces without causing fail- 
ure. Another crack on specimen E-5 
(92 hr., at 12,700 psi., not shown) sub- 
tended an angle of 205 deg. at a depth 
of 50 per cent, evidently cutting through 
the center of the specimen and yet failure 
occurred at another section. 


RATE OF CRACK PENETRATION 


It is evident that corrosion-fatigue 
cracks assume a wide variety of shapes 
and depths of penetration. At least two 
factors tend to produce variations in 
crack distribution and growth: 

1. Corrosion pitting is almost un- 
predictable in nature and under corro- 
sion-fatigue conditions lends a_ wide 
variety to the sizes, depths, and distribu- 
tion of pits from which cracks grow. 
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2. The process of crack growth is an 
unstable one. The greater the depth of 
a crack, the greater is the rate of its 
growth, and the smaller its depth, the 
smaller the rate of growth. The influ- 
ence tends to increase the range of 
crack sizes. 

The first problem has never received 
a satisfactory generalsolution. Extreme 
care should be exercised in duplicating 
experimental conditions and as many 


failure. In practice a structure damaged 
to a comparable extent should be re- 
moved from service, and hence tests of 
longer duration are probably of second- 
ary importance. Limiting the tests in 
this manner has the additional advantage 
of reducing fatigue machine operation 
time by about 40 per cent. 

Figure 10 shows the range of depths 
in which the deepest five to ten cracks 
fall in specimens tested at 15,500 psi. for 
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Fic. 10.—Crack Depth Versus Time, Specimens at 15,500 psi. 7 

specimens as possible should be tested various lengths of time. The curves 


in order to determine the most probable 
results. 

The second problem can be avoided 
almost entirely by limiting specimen 
damage to crack depths of not more than 
25 percent. The author found that the 

variety of crack depths and shapes is 
much less within this region and that 
beyond this depth the effects of insta- 
bility are such as to make possible early 


drawn for other stress levels were of 
similar shape. The main differences 
were in rates of increase of slope; the 
higher stresses caused higher rates of 
increase of slope and lower stresses, 
lower rates. At the lower stress levels, 
the results were more erratic (that is, 
there was more scatter or variety in 
crack depth) due to the relatively mies 
influence of corrosion in the corrosion- 
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fatigue process. It should be noted 
that crack depth curves have no signif- 
icance in the immediate neighborhood 
of the origin because of the time neces- 
sary for cracks to develop from corrosion 
pits. As has been mentioned, the earlier 
period of crack development is relatively 
important and deserved more attention 
than the author allowed in his own test 
program. 


APPLICATIONS AND LIMITATIONS OF THE 
SULFUR PRINT METHOD 


The value of the sulfur print has been 
established only for the type of test 
described in this paper. Sulfur prints 
allowed the author to study crack distri- 
bution, profile shapes, depths of penetra- 
tion, and the rate of crack growth. 

A similar procedure might facilitate 
study of the relative merits of materials, 
surface finishes, coatings and treatments 
in retarding crack growth and hence 
corrosion-fatigue damage. 

“Size effect” in corrosion-fatigue speci- 
mens has received some attention in the 
engineering literature.* The question 
centers around the validity of compari- 
son of test data obtained from specimens 
of different sizes. 

Féppl, Behrens, and Dusold‘ have de- 
termined that shotblasting, if properly 
done, will increase the life of corrosion- 
fatigue specimens by as much as five 
times in some cases. It would be of 
interest to study the effect of shotblasting 


0. Féppl, O, Behrens, and T. Dusold, Zeitschrift fur 
Metallkunde, Vol. 25, pp. 279-281 (1933). 


on the crack patterns and profiles formed 
in corrosion-fatigue. 

Corrosion inhibitors are known to 
benefit corrosion-fatigue specimens,°® but 
in some cases they promote localized 
corrosion. These tendencies could be 
studied to some advantage by the sulfur 
print method. 

The shapes of quenching and grinding 
cracks could be studied by making 
sulfur prints of the damaged material 
at successive depths. 

The sulfur print method does not 
constitute an ‘‘accelerated”’ test proce- 
dure. It does not make possible a 
“short cut’? method of locating the 
S-N curve. It is probably more time- 
consuming than McAdam’s method for 
evaluating corrosion-fatigue damage. 

The destructive nature of the sulfur 
print method limits its application to 
laboratory tests. 

The sulfur print method cannot be 
used to study the particular cracks that 
have caused failure in a specimen, since 
such cracks are at the ends of the broken 
halves. These ends are trimmed smooth 
in the test procedure. 

It was found difficult to make good 
sulfur prints on diameters less than 
0.2 in. The original specimen should 
thus be at least 0.4 in. in diameter to 
facilitate making prints at the greater 
depths. 


>U. R. Evans, ‘‘The Passivity of Metals and Its 
Relation to Problems of Corrosion,’’ Transactions, Am. 
Inst. Mining and Metallurgical Engrs., Inst. Met. Div., 
p. 7 (1929). 
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A THEORY OF THE MECHANISM OF RUSTING OF LOW ALLOY -” 
STEELS IN THE ATMOSPHERE 


By H. R. Copson! 


SYNOPSIS 


In 1941 exposure tests were started on low-alloy steels in industrial and 
marine atmospheres. Analyses of selected rust samples are presented, along 
with an examination of weather data and some weight losses. These results 
led to a new theory of the mechanism of rusting. 

It is postulated that corrosion rate depends on the quality and quantity of 
water reaching the steel surface. Relatively insoluble corrosion products de- 
crease the amount of soluble constituents in the water and thereby decrease 
corrosion. Relatively insoluble corrosion products do not wash away, and 
thereby they decrease the porosity of the rust coating and the quantity of 
water reaching the steel. As time goes on pores become plugged and the 
position of low-alloy steels improves. 

In industrial atmospheres, copper and nickel in steel render sulfate corrosion 
products more insoluble by forming complex basic sulfates. On mild steel, 
sulfates in the rust are relatively soluble and promote corrosion but are washed 
away by rain. On alloy steels the sulfates are less soluble so that corrosion is 
slower, but less sulfate is washed away and more accumulates in the rust. The 
percentage of sulfates in the rust increases as weight loss decreases. At the 
marine location, severe corrosion of certain edges was due to soluble chlorides 
being swept to these edges by the wash of rain. 

Miscellaneous data and references are examined in the light of this mecha- 
nism. A factor which has been neglected in the literature is the composition of 
the film of electrolyte on the steel surface. It has been tacitly assumed that 

in a given atmosphere each test specimen of steel is exposed to the same en- 

vironment. Actually, owing to the influence of corrosion products, each steel Fx 


specimen is exposed toa separate environment. = | | 


It has long been known that the fully understood (3, 4). Carius (5),jhas 


composition of steel affects the rate of proposed that resistance to atmospheric ” 
corrosion in the atmosphere (1).2, There corrosion is increased by the formation 
is a wealth of data showing that frac- of a copper or copper-rich layer next to rn 
tional percentages of copper markedly _ the steel, but as will be shown there are rs 
decrease corrosion (2). While there has serious reasons to doubt this. , 
been widespread interest in this phe- Many authors have noted differences ss 
nomena, the mechanism has never been _ in the visual appearance of rust coatings ‘a 
and have felt that corrosion rate was th 
Nickel Company. Ine’ Bayonne, Controlled by the protective quality of 
list of references appended to thhe paper cee'p sm, the rust. The typical appearance of | 
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some 3-yr. old rust coatings at Bayonne, 
N. J., is shown in Fig. 1. There is little 
doubt about which specimens corrode 
faster. As corrosion resistance increases, 
the rust becomes darker in color, finer 
in texture, and apparently thinner and 
more adherent. As long ago as 1921 


Richardson (6) stated the situation as 
follows, ‘The ‘rust effect’ is of far greater 


Steel Number 


16-1 50 45 
34 20 54 
33 1 — 
Fic. 1.—Appearance of Skyward Surface of 4 


by 6 in. Steel Specimens after 3 yr. Atmos- 


pheric Exposure at Bayonne, N. J. Analyses 
in Table I. 
oo importance than the composition of the 
tion metal in determining the life of a sheet 
t to undergoing atmospheric corrosion, al- 
o- though in some unknown way composi- 
tion in part determines the course of the 
_ Tust effect.’ 
ings Schramm and Taylerson (7) pointed 
on out a number of factors of importance in 
nig the atmospheric corrosion of steel, and 
al stated, “The presence of moisture on 
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the surface of steel, or in the rust film 
which subsequently forms, furnishes ideal 
conditions for the absorption of acid-— 

forming constituents from an industrial — 
atmosphere. These substances promote 

corrosion either by direct chemical action _ 

or by reducing the resistance of electro-_ 
lytic cells which may form on the surface. 

The presence of a white deposit in the 

drainage area of samples has been 

repeatedly observed; this probably con-— 

sists largely of ferric sulfate, an excep- 

tionally corrosive salt resulting from the 

oxidation of the original corrosion prod- 

ucts. Heavy rains may dissolve and 

remove all of the soluble salts.” 

Finkeldey (8) also called attention to | 
the beneficial action of rainfall, “‘... in 
industrial atmospheres, heavy rains may 
even be protective to metals rather than : 
otherwise, since they wash an exposed ' 
surface free from accumulations of soot 
and dust particles which hold moisture 
and also serve to promote the condensa- 
tion of industrial gases such as SO, and 
probably function as a catalyzer in 
converting it to SOs.” 

Larrabee (9) attributed the slower | 
corrosion of skyward surfaces as com-. 
pared with groundward surfaces of 
inclined specimens to the wash of rain. 
“As a result, the sulfur compounds, — 
which are believed to be largely respon- 
sible for the severity of atmospheric 
corrosion (in locations removed from the 
sea), are washed away to a greater extent 
than on the groundward side which is 
wet by dew, but not ‘washed’ by rain.” 

The work of these authors and of 
others aided in the development of the 
mechanism of rusting described below. 


ATMOSPHERIC TESTS STARTED IN 1941 


Five sets of 71 low-alloy structural 
steels were exposed to the atmosphere in 
May, 1941, at two locations. It is 
planned to obtain weight loss versus time 
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curves on these steels, and already some 
weight losses have been determined at 1 
and 3 yr. It is not the purpose of this 
paper to present these weight loss data; 
it is planned to publish them at a later 


oF Low ALLoy STEELS 


standing the mechanism will be presented 
at this time. The analyses of the steels 
included are given in Table I. 

One of the locations was in the yard 
of this laboratory at Bayonne, N. J., not 


TABLE I.—ANALYSES OF STEELS. 


Steel Group Description 


High purity iron, 
plus copper 


II | Copper steel, low 
phosphorus 


III | Copper, steel, high 
phosphorus 


Copper steel, high 
IV | manganese and 
silica 


| Nickel steel 


No. 62 
No.30 | VIII 


Nickel steel plus 
chromium 
No, 29 IX | Nic kel steel plus 
| molybdenum 


No.51 | | Nickel steel plus 
No, 52 chromium = and 
molybdenum 
No. 60 | | 0.12 
No.148 XI | Nickel copper steel | 0.05 
No, 50 | 0.09 
XII | Nickel copper steel | 0.044 
plus chromium 0.11 


No. 16-1 | 
No. 47 | 


date when the tests are more mature. 
Nevertheless information gathered in the 
course of conducting this 1941 series of 
tests led to the development of the new 
of this 


mechanism of rusting. Such 


information as is necessary to under- 


Sili- Phos- 


Analysis, per cent 
Mo- 
lyb- 
denum 


Cop-  Chro- 


Nickel per mium 


Sulfur phor- 
con d 
0.002 0.03 005 

003 0.03 .006 
-002 .03 -005 


“0.01 .03 .003 


.03 


.002 0.04 
.009 
007 
O1 .03 .007 
.007 
.O4 .009 
O1 -03 .006 
-02 | 
O01 


003 .06 .0: .27 0.03 


<0.003) 
<0.003) 


04: .0: -0. 0.06 


-02 
.02 


1.01 
0.74 


49 


.65 


far from the center of oil refining activity. 
This is considered an industrial atmos- 
phere. The other location was at Block 
Island, R. I. The test site is about 15 
miles from the mainland and is remote 
from manufacturing centers. This 1s 
considered a marine atmosphere. 
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rack 
son 
Car- 
| bon nese 
No. 44 0.016 0.016 
No. 45 0.020 | 0.020 
No, 63 0.620 | 0.023 
No. 54 0.02 0.07 
No. 55 0.01 0.06 Pe 
No. 10 0.041 | 0.22 <0.05 0.02 0.01 
No. 31 0.09 | 0.35 <0.05 | 0.041 | 
No. 5 0.043 | 0.39 0.01 0.05 0.07 
No. 57 0.06 0.26 0.06 0.19 <0.01 
No. 6 0.046 | 0.40 0.000 0.21 0.07 
No, 64 0.026 | 0.24 <0.05 | 0.265 betsy. 
No. 40 0.03 | 0.17 <0.05 | 0.27 
No. 58 0.05 | 0.31 <0.05 | 0.27 } . 
No. 56 0.04 0.31 0.05 0.30 | 
No, 7 0.038 0.40 0.004 0.50 0.07 | 
No. 1 0.085 0.43 
0.040 | 0.49 
No. 12 0.026 | 0.47 /, 
No. 16 0.09 | 0.43 
No. 18 | 0.78 0.31 
No. 19 | 1.32 0.24 0.093 
No, 17 ».2 1.35 0.18 
No. 32 0.11 | 0.69 0.14 | 
No. 27 | 0.16 | 0.56 0.23 
No. 33 | | 0.14 0.37 0.07 
No, 34 | 0.14 0.36 0.37 0.02 0.008 1.27 | 0.028 
No, 28 ’ | 0.14 | 0.47 0.23 0.02 | 0.014 1.47 | 0.03 0.05 
No.147 0.06 0.14 0.14 | 0.03 | 0.013 1.96 | 0.03 
No. 46 0.16 | 0.57 | 0.20 | 0.02 | 0.015 2.20 | 0.24 
0.14 | 0.28 | 0.08 | 0.02 | 0.008 2.55 | 0.03 
10.19 | 0.53 | 0.009 0.02 | 0.016 | 3.23 | 0.07 
| 0.17 | 0.58 0.26 0.01 0.007 4.98 | 0.09 
P 0.13 0.45 | 0.23, 0.03 | 0.017 | 1.18 | 0.04 0.65 <0.01 
“ | 
0.16 | 0.53 | 0.25 0.01 | 0.013) 1.84 0.03 | 0.09 0.24 
0.59 | 0.49 0.01 0.013 | 1.62 0.09 0.21 
| 0.57 0.33 0.01 | 0.015 1.34 | 0.19 |_| 0.25 | Wer 
| 0.57 | 0.17) 0.02 | 0.01 1.00 1.05 3() 
0.17 0.13 0.03 0.014 | 1.05 | 0.89 
0.48 1.00 0.03 0.055 1.06 Sou 
0.02 0.003 0.02 0.010 mm 0.54 | 0.46 | by 
Oo | 0. 53 0.74 
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The specimens were mounted on metal 
racks similar to those designed by Tayler- 
son of Carnegie Illinois Steel Corp. (10), 
and used by that corporation (9) and by 
the Joint Committee on Electrodeposited 
Coatings on Steel of the A.S.T.M. and 
American Electroplaters’ Society (11). 
Part of the racks at Bayonne is shown in 
Fig. 2. The 4 by 6-in. specimens were 
supported on Monel frames by means of 
porcelain insulators, which prevented 


sulfate and chloride in typical Bayonne 
and Block Island rusts. Some loose 
1-yr. rusts had been saved and were still 
available. The voluminous rust from a 
fast corroding steel, No. 44, and a 
composite rust sample from some steels 
averaging 0.053 per cent copper were 
analyzed. At the same time the oppor- 
tunity was taken to determine the copper 
to iron and the nickel to iron ratio in 
some other composite rust samples. 


Fic, 2.—Part of the Atmospheric Corrosion Racks at Bayonne with 4 by 6 in. 
Steel Specimens Installed. 


contact with any metal. The frames 
were attached to galvanized iron sup- 
ports so that the specimens were inclined 
3) deg. from the horizontal and faced 
south. The specimens were identified 
by a two-hole numbering system. All 
specimens were pickled clean before 
exposure. 


ANALYSES OF RUST 
Analyses of 1-yr. Rusts—Table IT: 


In order to have a comparison between 
the two atmospheres it was decided in 
April, 1944, to determine the amount of 


The results in Table II were entirely 
different than expected. There was 
more sulfate in the rust from the in- 
dustrial atmosphere and more chloride 
in the rust from the marine atmosphere 
as expected, but the composite rust from 
the 0.05 per cent copper steels contained 
more moisture, more sulfate, and more 
chloride than the rust from the fast 
corroding steel. All the chloride per- 
centages were low, but even in the marine 
Block Island air the 0.05 per cent copper — 
steels collected plenty of sulfate. The 
figures for copper and nickel gave no — 
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indication that these el ments were 
accumulating in the rust. 
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TABLE II.—ANALYSES OF 1-YR. RUSTS. 
May 12, 1941 to May 14, 1942 
Block Island.—May 28, 1941 to July 7, 1942—1.11 yr. 


Bayonne. 


In fact some 


time, a 


mechanism explaining them was 


originated. As has been pointed out, 


1.00 yr. 


Analysis of Rust, per cent Comparison of Copper or 
Rust — a iis Nickel in Rust with Copper or 
Dry Basis ae Nickel in Steel 
Composite H.0 Copper 38 Cu/Fe 
Loose Rust From at le jor Nickel) | 
Upper and Location 110C.) SO, Iron | Steels, | ‘in Steels & Ni/Fe 
of Steels cent £3 Steels | Rusts 
No. 44 Bayonne | 1.82 | 0.87 0.001 52.3 | 0.014Cu. | 99.91 
No. 44 Block Island | 2.12 | 0.08 | 0.018 211.2 | 0.014Cu. | 99.91 
Nos. 11, 18, 19, | Bayonne 2.76 | 2.47 | 0.008 16.4 | 0.053 Cu. | 98.99 
54, 63 | 
os. 11, 18, 19, | Block Island | 3.37 | 0.94 | 0.048 13.4 | 0.053 Cu. | 98.99 
54, 63 | 
Nos. 12, 40, 55, | Bayonne | 2.56 58.8 | 0.13 12.4 hase Cu. | 99.37, 0.0027 | 0.0022 
58, 64 | 
—. 12, 40, 55, | Block Island 3.31 59.4 | 0.10 12.0 | 0.27 Cu. 99.37; 0.0027 | 0.0017 
8, 64 
Nos. 28, 30, eee and | 3.15 57.3 0.61 8.5 | 1.26 Ni. | 97.12) 0.0130 | 0.0106 
51, ioc 
Island | | | 
TABLE II1—ANALYSES OF 2-YR. BAYONNE RUSTS. 
Exposed, May 15,1942. Removed, May 2, 1944 to June 8, 1944.—1.97 to 2.07 yr. — 
Analysis of Rust, per cent = Comparison of Copper or 
Rust € Nickel in Rust with Copper or 
Dry Basis *o to Nickel in Steel 
Steel | Ni/Fe|Cu/Fe 
Speci- | Cop- | Nick-| | or Nickel! | Cu/Fe) Ni/Fe 
Lecation > ae = 110C.| SO, | Iron per | el 23 in Steel, | -£ © | Ratio | Ratio 
23 percent; 5% | im in 
= | Steel | Rust 
Loose rust from | AS-C9 | 43.5 | 2.28 | 0.94 | 61.6 
skyward AS-C7 446.8 | 2.33 | 0.90 
surface AS-C8 sam 2.41 | 0.91 
No. 44 Loose rust from AS-C9 | 85.2 | 1.91 | 0.87 | 63.9 128.6) 0.014Cu 99.91) 0.0001 
groundward AS-C7 | 94.1 |] 2.23 | 0.87 
surface AS-C8 | 91.7 | 2.32 | 0.90 
Adherent rust, AS-C9 | 32.9 | 
both surfaces | AS5-C7 | 26.7 0.48%) 62.4¢ | 
Loose upper A6-A9 | 0.4 | 2.45 | 3.05 | 55.0 | 0.19 0.0035 
No.7 | Loose lower AG-A9 | 1.2 | 3.23 | 3.24 | 56.9 | 0.22 14.6 |0.50Cu 98.95) 0.0051| 0.0039 
Adherent A6-A9 | 10.7 | 55.64! 0.16% | 0.0029 
AS-D9 | 10.9 2.067 57.97 
Loose upper A6-BS | 0.3 | 2.75 | 3.27 | $3.6 | 0.31 0.0058 
No. 28 | Loose lower A6-BS | 0.9 | 4.08 | 3.99 | 55.1 | 11.7 | 1.47Ni | 97.57) 0.0151 
Adherent A6-BS | 9.9 58.6% 0.934 0.019 
A6-B4 91 | 


@ These rusts were not dried. 


copper and nickel seemed to have been 
lost from the outer loose rust. 
After mulling over the figures for some 


rust may contain soluble corrosive sul- 


fates, and these may be washed away by 


rain. It was conceived that perhaps the 
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function of copper was to render the 
sulfates insoluble, probably by forming 
complex basic sulfates. This seemed 
reasonable because the patina on pure 
copper is mostly basic copper sulfate. 
Then in the case of very low-copper 
steels, such as steel No. 44, the sulfates 
are relatively soluble and promote cor- 
rosion but are washed away by rain. In 
the case of higher copper steels, the 
sulfates are less soluble so that corrosion 
is slower, but by the same token less 
sulfate is washed away and the sulfate 
content of the rust builds up to higher 
values. The same mechanism seemed 
to apply to the chlorides as well, but 
since chlorides are more soluble less 
remained in the rust. 


Analyses of 2-yr. Bayonne Rusts—Table 
IIT: 


If the mechanism just postulated was 
correct, the rust on the sheltered ground- 
ward surface should contain more sulfate 
than the skyward surface. 


There were 
available for analysis some 2-yr. old rust 
crops on a few steel specimens which had 
been put out for the specific purpose of 
growing rust. Accordingly analyses 
were made on rust collected from a very 
pure ingot iron, No. 44, a 0.5 per cent 
copper steel, No. 7, and a 1.5 per cent 
nickel steel, No. 28. 

The results were gratifying. The rust 
from the groundward surfaces of the 
copper and nickel steels contained more 
moisture and sulfate than the rust from 
the skyward surfaces. This did not 
apply in the case of the ingot iron, but 
this material contained no addition 
elements likely to render sulfate more 
insoluble. 

The results on the nickel steel showed 
that the mechanism applied to nickel 
additions as well as to copper. The 
nickel steel had the lowest weight loss 
and its rust contained more moisture 
and sulfate than the rust on the copper 


steel. The rust on the copper steel in 
turn had more moisture and sulfate than 
the rust on the ingot iron. The fact that 
the moisture content paralleled the sul- 
fate content would seem to indicate that 
the basic sulfates had some loosely held 
water of crystallization. 

The mechanism suggests that the 
composition of the film of electrolyte on 
the specimen may vary with the weather. 
However, since the amount of soluble 
material present at one time is quite 
small, it is doubtful whether this can be 
shown by analyzing the rust. Never- 
theless an attempt was made in the case 
of steel No. 44. The rust on specimen 
AS5-C7 was analyzed after an 8-day dry 
spell and on specimen A5-C8 after 0.60 
in. of rain broke the dry spell. The 
results in Table III show no significant 
variation in the analysis of the rust. 
Steel No. 44 may have been a poor one 
to try. 

So far only the outer loose rust had 
been analyzed. Since this made up only 
a small fraction of the total, it was 
desirable to extend the analyses to the 
adherent rusts. This was accomplished 
in the case of steels Nos. 44, 7, and 28 by 
removing the adherent rust by cathodic 
treatment in 6 per cent hydrochloric 
acid using nickel anodes and analyzing 
the solutions. The results in Table III 
show that the adherent rust contained 
somewhat less sulfate than the outer 
rust, but the steels were again lined up 
in the same order. 

The copper and nickel in the adherent 
rusts were determined by cathodic treat- 
ment in 6 per cent sulfuric acid using 
lead anodes and analyzing the solutions. 
The copper and nickel contents of the 
loose rusts were also determined. The 
results failed to show any real concentra- 
tion of copper or nickel in the outer loose 
rust or in the adherent rust. 
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In order to have a better conception of 
the portion of the rust being analyzed, 
some weight determinations were made 
on specimens which were being cleaned 
up after 3 yr. of exposure. After the 


Weight of Rust on 3-yr. Specimens—Fig. 
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plotted in Fig. 3 


3-yr. weight loss. 


TABLE IV. 
Exposed, May 12, 1941. Removed, May 16, 1944—3.0 yr. 


the approximate thicknesses of the rust 
coatings were obtained. 


The results are 
where the steels are 


arranged in the order of their decreasing 


Since the rust was found to run 54 to 
64 per cent in iron, it is evident that a 


“ANALYSES OF 3-YR. BAYONNE RUSTS. 


Analysis of Rust, per cent Comparison of Copper or 
Rust Nickel in Steel with Copper 
_ | Dry Basis or Nicel in Rust 
) ~ om 
Location | Steel |Group| | HOC. | |Tron| in Steel, | | | 
| : ercent | ma 
No. 44 AS-J2. | 120.8) 1.85 | 0.94 182.8) 0.014 Cu |99.91/0.0001 
No. 45 AS-K2 | 2.0] 3.46 | 2.82 44.4) 0.020 Cu |99.89/0.0002 
J No. 63 I | A7-H2 0.8) 3.58 | 3.36 31.7| 0.053 Cu |99.86/0.0005 
No. 54 A6-J2 3.65 | 3.44 26.2) 0.10 Cu |99.59/0.0010 
No. 55 A6-K2 | 3.61 | 3.48 23.5| 0.27 Cu |99.49|0.0027 
No. 10 Al-P2 | 0.7) 3.76 | 3.51|56.2|0.026 29.2) 0.02 Cu |99.61/0.0002|0.0005 
No. 31 A4-F2 0.8| 3.93 | 3.63|56.8/0.044 27.0} 0.04 Cu |99.39|0.0004|0.0008 
No. 5 Al-J2 3.93 | 3.61)57.1/0.032 26.9} 0.05 Cu |99.40/0.0005|0.0006 
No 57 IL | AG-M2| 0.8! 3.87 | 3.59|56.6/0.064 22.5| 0.19 Cu |99.38/0.0019/0.0011 
No 6 A1-K2 0.7| 3.56 | 3.70/57.8/0.11 21.0) 0.21 Cu |99.24/0.0621/0.0019 
Loose rust from | No. 56 A6-L2 0.9) 3.35 | 3.54/56.3/0.14 21.2) 0.30 Cu |[99.26'0.0030/0.0025 
poundward No. 7 Al-L2 0.9| 3.30 | 3.66/56.2/0.21 19.5} 0.50 Cu |98.95/0.0051/0.0037 
No. 1 | IIL | Al-E2 | 17.7] 2.63 | 1.23 101.0) 0.01 Cu |99.29|0.0001! 
No. 16 A2-K2 | 0.9] 3.52 | 3.81/56.3| 0.15 18.6| 0.36 Cu |98.73/0.0036 0.0027 
No. 32 A4-G2 3.71 3.95|56.3 0.16) 22.7; 0.20 Ni |98.79|0.0020/0.0028 
No. 27 A3-M2 0.8) 4.11 | 3.98/55.7 0.33) 19.1) 0.54 Ni |98.29/0.0055/0.0059 
No. 33 | | A4-H2 0.8) 4.02 | 3.96|56.2 0.31) 22.4) 0.55 Ni 
No. 34 A4-J2 0.4| 4.47 | 4.41155.4 0.69} 18.0] 1.27 Ni |97.80/0.6130/0.0125 
No. 28 | VII | A3-N2 4.15 | 4.31|55.3 0.75| 14.3! 1.47 Ni |97.57|0.0151|0.0136 
No. 147 A7-N2 4.39 | 4.54/54.8 0.99] 14.2) 1.96 Ni |97.62!0.0200/0.0181 
No. 46 A5-L2 0.4| 4.22 | 4.17/54.9 1.01} 11.7} 2.20 Ni |96.59/0.0228|0.0184 
No. 35 | A4-K2 0.3) 4.50 | 4.62/54.4 1.23} 16.1] 2.55 Ni |96.89/0.0263/0.0224 
No. 20 | A3-E2 0.5) 4.61 | 4.64/53.7 1.35} 11.4) 3.23 Ni |95.93/0.0336/0.0251 
No. 10 | A1-P2 0.1) 3.02 | 2.72 29.2 
No. 31 | A4-F2 0.2) 3.33 | 3.13 27.0 
Loose rust from | No. 5 Al-J2 0.3) 3.51 | 3.04 26.9 
skyward No. 57 Il | Ao-M2 0.3) 2.93 | 3.10 22.5 
surface No. 6 A1-K2 0.3) 2.26 | 3.22 21.0 
No. 56 Ao-L.2 0.2! 2.54 | 2.93 21.2 
No. 7 | Al-L2 0.3) 2.33 | 3.06) | 19.5 


specimens were removed from the racks, 
they were weighed with the rust intact, 
with the loose rust scraped off, and after 


complete cleaning. 


the total weight of rust on the specimens, 
the weight of adherent rust, the weight 
of loose rust on the skyward surface, and 
the weight of loose rust on the ground- 


ward surface. 


While doing this microm- 
eter measurements were made, so that 


the specimens. 


Thus were obtained _ the actual weight 
the fast corroding 


Only a small po 


off. 


large part of the rust had departed from 
The corrosion-resistant 
steels retained more of their rust, but 


of rust was greater on 
steels. 
rtion of the rust on the 


specimens was loose enough to be scraped 
There was more loose rust on the 


groundward surface than on the skyward 
surface. 


At 3 yr. there was more rust _ 
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of all types on the Block Island specimens 


than on the Bayonne specimens. 
Micrometer measurements showed 

that the adherent rust was about 0.005 

in. thick. The figures were not accurate 
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specimens. As can be seen from Fig. 3 
only a small portion of the total rust was 
analyzed. Most of the analyses were 
made on samples from groundward 
surfaces for the simple reason that these 
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enough to warrant calculating the samples weighed more. For comparison 


density of the rust. 


Analyses of 3-yr. Bayonne Rusts—Table 

IV: 

It seemed desirable to extend the 
analyses to a considerable number of 
copper and nickel steels. Accordingly 
analyses were made on the loose rust 
collected from the skyward and ground- 
ward surfaces of the 3-yr. Bayonne 


rust contained less moisture and sulfate 
than the groundward rust. 


In Fig. 4 the moisture, iron, and sul- 


fate contents of the groundward rusts 


are plotted against the copper and nickel 
contents of the steels. In the case of the 
copper steels there is an inflection point 
at about 0.03 per cent copper. 


This is 


the skyward rust on the group II steels" 
was analyzed. As before the skyward 
NT | 


564 


lower than the inflection point of weight- 
loss copper-content curves, which at 
Bayonne seems to occur at about 0.2 
per cent copper (12). The significance of 
this difference is not clearly understood. 
In the case of the nickel steels all the 
points lie close to straight lines. . All the 
nickel steels contained at least 0.03 per 
cent copper. As the nickel content of 
the steel increases, the moisture and 


| % HO 
Zz at 

i- | 

Location | Steel Group on 2 
| = 

No. 44 I | Al-E6 | 1.45 | 3.31 
No. 5 B3-D6 3.48 
No. 6 II Al1-E7 | 0.39 | 3.28 

Loose rust from Ne. A Es 0.55 | 2.99 

skyward 

No. 16 Ill A1-E9 | 0.31 3.03 
No. 27 A1-F6 | 0.36 | 3.27 
No. 28 VII A1-F7 | 0.38 | 3.31 
No. 46 A1-F8 | 0.19 | 2.86 
No. 62 A1-F9 | 0.24 | 4.38 
No. 44 I A1-E6 | 1.99 | 2.41 
No B3-D6 | 1.30 2.91 
No. 6 Il Al-E7 0.72 3.09 
Loose rust from | X° 1.23 2.75 
groundward 
No. 16 Ill A1-E9 | 0.80 3.35 
No. 27 Al-F6 0.75 3.58 
No. 28 A1-F7 | 0.71 | 4.17 
No. 46 | 0.35 | 4.78 
No. 62 A1-F9 0.45 5.64 


sulfate contents of the rust increase and 
the iron content decreases. The sulfate 
content reached a high of 4.64 per cent 
and probably goes above 5 per cent in 5 
per cent nickel steel. In the case of these 
3-yr. old rusts the decrease in iron con- 
tent is accounted for almost entirely by 
the increase in moisture, sulfate, and 
nickel content of the rust, that is the sum 
of the iron, nickel, moisture, and sulfate 
in the rust is substantially constant. 
This applies also to the copper steels. 


Nevertheless the variation in iron cop. 
tent is large, being from 64 to 54 per cent, 

Figure 5 shows the copper-iron and 
nickel-iron ratios in the steel. Except 
at very low percentages both nickel and 
copper have been lost from the outer 
loose rust. 

Figure 6 shows a plot of the percentage 
of sulfate in the rust against weight loss, 
This curve is very convincing. At 3 yr, 


TABLE V.—ANALYSES OF 25-DAY BAYONNE RUSTS. 
Exposed, June 8, 1944. Removed, July 3, 1944—25 days 


Analysis of Rust, per cent 
Rust 
Dry Basis 


Comparison of Copper or 


3 Nickel in Steel with Copper 

2 or Nickel in Rust 
SOs |[ron per| — | 54 | in Steel, | Se | S2 
percent | ms | ms 

1.53 60.8 3.98 | 0.014 Cu |99.91/0.0001 
2.16 59.0 0.06 2.50 | 0.05 Cu |99.40 0.0005 0.0010 
2.09 58.0 0.14 2.03 | 0.21 Cu |99.24:0.0021 0.004 
2.08 58.5 0.18 2.52 | 0.50 Cu (98.95)0.0051 0.0031 
2.3057.6 0.19 2.18 | 0.36 Cu |98.73/0.0036 0.0033 
2.43 57 0.36 2.26 | 0.54 Ni |98.29'0.0055 0.0063 
2.54|56.0 0.95 1.99 | 1.47 Ni |97.57,0.0151 0.0170 
2.58\54.9 1.19 2.03 | 2.20 Ni |96.59'0.0228 0.0216 
3.24 53.7 1.99 1.78 | 4.98 Ni |93.89/0.0531 0.0370 

1.51 61.8 3.98 | 0.014 Cu |99.91/0.0001 
2.62 60.3 0.02 2.50 0.05 Cu |99.40 0.0005 0.0003 
0.04 2.03 | 0.21 Cu |99.24 0.0021 0.0007 
2.5359.6 0.16 2.52 | 0.50 Cu |98.95,0.0051 0.0027 
2.88 59.9 0.13 2.18 | 0.36 Cu |98.73 0.0036 0.0022 
3.02 59.0 0.40 2.26 0.54 Ni |98.29 0.0055 6.0068 
3.40 58.1 1.11 1.99 | 1.47 Ni |97.57/0.0151 0.0191 
3.49 60.0 1.23 2.03 | 2.20 Ni |96.59.0.0228 0.0205 
4.32 56.3 2.39 1.78 | 4.98 Ni (93.89 0.0531 0.0424 


there is no doubt but that increased 
corrosion resistance is paralleled by 
increased sulfate in the rust. 


Analyses of 25-Day Bayonne Rusts— 

Table V: 

Comparison of Tables III and IV show 
that in general the sulfate content of the 
outer loose rust increased with time. 
Hence, it was felt that analyses of early 
rusts might be instructive. It was con- 
ceivable that the inflection point in Fig. 
4(e) might be changed. Accordingly 4 
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few steels were exposed and the rust crop 
collected after 25 days. 

It was found that the amount of loose 
rust on the specimens was greater at 25 
days than at 3 yr. At 25 days the loose 
rust made up a sizeable portion of the 
total rust. The total rust was almost 
twice the weight loss so that little rust 
had been lost. 

The analyses are given in Table V and 
the moisture, iron, and sulfate contents 
are plotted in Fig. 7. The analyses 
failed to change the inflection for the 
copper steels. In general they support 
previous conclusions. They confirm that 
the sulfate content increases with time, 
‘although steel No. 44 is an exception, and 
show that the iron content decreases with 
time. These changes plus the changes 
in moisture, copper, and nickel do not 
exactly balance. At 25 days the analyses 
account for 67 to 73 per cent of the loose 
groundward rust, whereas at 3 yr. they 
account for 61 to 63 per cent. 

The analyses confirm that there is 
more sulfate in the rust from the ground- 
ward surfaces than from the skyward 
surface. It is curious that the ground- 
ward rust also contains more iron and in 
the case of the nickel steels more moisture 
and more nickel. The reason for the 
higher iron content is not understood. 
Included in Fig. 6 is a plot of the sul- 
fate content of the loose groundward 
rust against weight loss. There was very 
little difference in the weight losses 
(Table V). As expected, the corrosion- 
resistant steels contained the most 
sulfate. The corrosion rate of steel No. 
44 remained practically constant through 
3 yr., but the corrosion rates of the other 
steels dropped off. 


WEATHER EFFECTS 


The 1941 series of tests brought out 
certain weather effects which are inti- 
mately connected with the proposed 
mechanism of rusting. These effects 
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concern edge corrosion and weight losses, 
both of which varied with the exposure 
period. These effects are described be. 
low and then analyzed in relation to 
weather data. 


Edge Corrosion: 


At Block Island, corrosion was more 
severe near certain edges than at other 
areas on the specimens. The attack was 
always worse at the left or western edge, 
at the bottom edge nearest the ground, 
and under insulators at the right edge. 

Some typical examples are shown in 
Fig. 8. The appearance of steel No. 45 
shows how severe this edge attack can 
be. This specimen was initially 0.072- 
in. thick and in places it was still 
0.064-in. thick. Yet it was badly perfo- 
rated near the susceptible edges. In the 
case of steel No. 54 the concentration of 
deep pits near the corroded edges is 
evident on the skyward surface. In the 
figure the groundward surface of steel 
No. 10 is shown, and again the pits are 
deeper and corrosion is more severe near 
the susceptible edges. Usually on the 
skyward surface the deepest pits were 


within 1 in. of the corroded edges, while 


on the groundward surface pits were 
still deep 2 or 3 in. from the corroded 
edges. Steel No. 20 is included in the 
figure by way of comparison. Steel No. 
20 was quite resistant to corrosion, and 
as yet shows no noticeable edge attack. 
Its pits were smaller and more evenly 
distributed. In general edge attack de- 
creased as the steels became more 
corrosion resistant, but this may be 
simply a matter of weight loss. 

No comparable edge attack occurred 
at Bayonne, but it may show up later. 
Edge attack has been known to occur 
in industrial and semi-rural locations 
(9). It can be concluded that edge 
attack was much more severe at the 
marine than at the industrial location. 

At Block Island the severity of the 
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Fic. 10.—Weight Loss-Time Curves Showing Effect of Exposure Date. 
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edge corrosion varied with exposure 
period. This is shown in Fig. 9. Dur- 
ing the period May 28, 1941 to July 7, 
1942 the western edge suffered less 
corrosion and the eastern edge more 
corrosion than during the period July 8, 
1942 to August 31, 1943. In the past 
there has been no adequate explanation 
of edge corrosion (9). 


Effect of Exposure Period on Weight Loss: 


Specimens of a few steels were put out 
in 1942 about a year after the main 


TABLE VI.—WEATHER DATA. 


sive to the fast corroding steels (Nos. 44 

and 45). At Block Island as compared | 
with the first year (May 28, 1941 to July. 
8, 1942) conditions during the second | 
year (July 8, 1942 to August 31, 1943) 
were slightly more corrosive to steels Nos. 

12, 5, 10, but less corrosive to steel No. 1. 
During the third year (August 31, 1943 
to September 8, 1944) conditions were 
somewhat more corrosive to steels Nos. 


steel No. 45. 


Battery Place, N. Y. Block Island, R. I. 


Normal rainfall, in............. 


finches. ... 


Actual rainfall’ per normal . 


Actual rainfall with prevailing | “¢ 
wind from the directions indi- (oy 
cated, in. 


5- oa 42 | 6-10-43 5-28-41 | 7-8-24 | 8-31-43 
to to to | to 
6 io 43 5-16-44 7-7-42 8-31-43 | 9-7-44 


392 days 341 405 days days | 374 days 


45.88 40. 40.47 45.00 


aE 38. 


Rain from easterly semicircle, per cent 


{days 
Days with more than 0.01 in. rain’ _per cent 


‘days 


Days with light fog: (per cent 


exposure. Some of these have been 
taken in after 1 and 2 yr. of exposure. 
The 1- and 2-yr. weight losses are plotted 
in Fig. 10 along with the weight loss time 
curves for the identical steels in the 
main exposure. 

At Bayonne as compared with the 
first year May 12, 1941 to May 14, 1942 
conditions were slightly more corrosive 
during the second year (May 14, 1942 to 
June 10, 1943). During the third year 
(June 10, 1943 to May 16, 1944) condi- 
tions were slightly less corrosive to the 
more corrosion-resistant steels (Nos. 5, 
7, 28, and probably 20) but more corro- 


steels were more affected by weather — 

conditions. 


Weather Data: 


It seems axiomatic that the variations 
in weight losses and edge effects with 
exposure period are related to the 
weather. For this reason the weather 
data for Battery Place, N. Y. (the 
nearest station to Bayonne) and for 
Block Island were collected. The sum- 
marized data are presented in Table VI. 
The difference between the two locations 
is surprising. 


The fast corroding 
5-12-41 
to 
5-14-42 
52.51 14.52 31.21 
114.4 4.1 | 4.30 
11.17 7.43 9 3.43 3.81 
I 5.68 4.63 | 9.36 | 4.76 
, 7.02 8.21 2 5.60 7.35 
7.07 | 5.85 6.89 | 12.32 | 14.30 | 2.58 
0.68 5.15 1.85 6.24 | 5.35 3.87 
3.98 | 2.69 3.41 4.27 | 2.45 | 3.43 | 
1.74 5.09 2.79 1.30 2.81 | 1.42 — 
0.98 3.46 4.24 1.23 | 1.22 | 3.99 ; 
es 76.8 66.5 69.0 | $2.8 | 59.2 | 63.2 
97 156 | 12 42 | 113 
26.4 39.8 29.0 | 30.9 33.8 | 30.3 ; 
10 Q | 2? s7 2 
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BLOCK ISLAND 5728/41 TO 7/7/42 


BATTERY PLACE 5/14/42 TO 


BLOCK ISLAND 7/8/42 TO 6/31/43 


BLOCK ISLAND 6/31743 TO 9/7/44 


BATTERY PLACE 6/10/43 TO 5/16/44 


Fic. 11.—Rainfall in Inches which Fell when the Prevailing Wind was from each of the Eight 
Directions Indicated. 
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While some limited attempts at corre- 
lating weather with rusting of steel have 
been published (7, 13), the correlation has 
not been good. It seems likely that the 
reason is that while moisture must be 
present for corrosion to occur, actual 
rainfall washes away soluble material and 
is beneficial. Thus rain has a dual rdle, 
and it may affect different steels differ- 
ently depending upon the amount of 
soluble material in the rust. Dew, fog, 
and high humidity would be expected to 
be harmful. Since weather cycles are 
varied and complex any exact correlation 
would require extensive data. 


Weather Data and Edge Corrosion: 


If rain washes away soluble material, 
such material might be expected to be 
more concentrated at the lower ground- 
ward edges than elsewhere on the speci- 
mens. Also if more rain came from the 
east than from the west, soluble material 
might be expected to be concentrated at 
the western edge of the specimens. For 
this reason the variation in rainfall with 
wind direction is given in Table VI, that 
is, the rain that fell when the prevailing 
wind was from each of 8 compass direc- 
tions has been totaled for each yearly 
period. Thus, if during a given day 1.5 
in. of rain fell and if during that day the 
prevailing wind was from the southeast, 
then the 1.5 in. of rain was credited as 
coming from a southeasterly direction. 

The results are shown graphically in 
Fig. 11 using polar coordinates. The 
total area of the odd-shaped figures 
represents the total rainfall during the 
respective periods. The area between 2 
radii represents the portion of the rainfall 
that fell when the prevailing wind was 
from the direction indicated. Thus at 
Block Island, during the period from 
July 8, 1942 to August 31, 1943, 9.36 in. 
of rain fell while the prevailing wind was 
from the east, so 9.36 has been plotted as 
the area of the easterly sector. 
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inches of rain = area of sector = 
45 


300 ©0360 


In Fig. 11 the calculated radii have been 
smoothed out with wind direction to 
form continuous 


boundaries for the 


figures. The yearly variations are 
marked. 
There is no doubt that at both 


Bayonne and Block Island much more 
rain came from easterly directions than 
from westerly. That the edge effects 
have been noticed at Block Island and 
not at Bayonne points to the chlorides in 
the marine air as being particularly 
effective in producing this type of attack. 
The insulators at the eastern edge pre- 
vent easterly rains from washing away 
soluble salts at these spots. On one 
specimen there was a band of perfora- 
tions which fanned out from the upper 
right insulator toward the lower left 
corner. Corrosion was more severe 
everywhere that the salts collected. 

At Block Island the predominance of 
rain from the east was greater during the 
second period than during the first. 
This explains the variation in edge 
effects with exposure period as shown in 
Fig. 9. During the second period more 
rain from the east was more effective in 
washing soluble salts out from under the 
eastern insulators so that corrosion was 
less there. At the same time more salts 
were concentrated at the western edge 
so that corrosion was increased at this 
edge. 


Weather Data and Weight Losses: 

The correlation between weather data 
and weight losses is not so good as 
between weather data and edge corro- 
sion, but nevertheless certain relation- 
ships are evident. Thus at Block Island 
during the third period there was as much 
fog and almost as many wet days as 
during the second period but much less 
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rainfall. The result was harmful to all N. C., which is near the exposure station. 
steels, especially to steel No. 45. The It was found that as compared with the het 
tendency for variations in the weather more northern exposure sites Wilmington 


to affect different steels differently is gets lots of rain from the southwest. a 
believed to be tied in with the amount of | During the 33-yr. exposure period, 46.6 spec 


soluble material in the rust. per cent of the total rainfall occurred A 
when the wind was from easterly direc- 


Exposure Tests at Kure Beach, V.C.: tions; during the 3-yr. period 48.9 per a 
The author has had the opportunity of | cent; and during the 2-yr. period 45.3 Fig. 
following some atmospheric corrosion per cent (compare Fig. 12). This com- Nos 
tests on low-alloy steels being conducted pares with a 3-yr. average at Block 
at Kure Beach, N. C., a marine location — Island of 58.5 per cent. Thus the corro- . 
West East 
z 2 
D5-K8 exposed C2-C9 exposed D3-D6 exposed 
May 13, 1941 November 13, 1941 November 13, 1942 
to to to 
November 21, 1944 November 21, 1944 November 21, 1944 
Fic, 12.--Typical Edge Effects on Steel No. 45 at Kure Beach, N. C. (14). Specimens have been 
Cleaned and have Two Drilled Holes for Identification. Specimen Size 4 by 6 in. 
Skyward Surface. 0) 
(14). These tests are similar to those sion at opposite edges at the two locations — 
described in this paper. Some of these is in agreement with the theory. o 
specimens have shown edge corrosion Of course wind direction and rainfall - 
similar to that observed at Block Island. vary, and at Kure Beach the variations amt 
_ Three examples are shown in Fig. 12. have been marked. Thus from Novem- tim 
The difference is that at Kure Beach — ber 13, 1942 to November 13, 1943, 32.3 acti 
corrosion has been more severe at the per cent of the total rainfall occurred Rs 
eastern edge. when the wind was from easterly direc- or 
This provided an excellent opportunity tions, and from November 13, 1943 to sg 
for checking the importance of wind November 21, 1944, 56.5 percent. Some = 
direction during rainstorms. Weather specimens at Kure Beach have perforated 
data were obtained from Wilmington, first in the middle part of the specimen. 
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These perforations were caused by deep 
pits on the groundward side. It may 
be that in such cases soluble salts on the 
groundward surface have become concen- 
trated in the middle portion of the 
specimen. 

At Kure Beach the corrosiveness of 
the atmosphere with respect to steel has 
increased with time. This is shown in 
Fig. 13 by the weight loss data for steels 
Nos. 20 and 45. In the case of steel No. 


6 


STEEL NO 20 


Fic. 13.--Weight Loss Time Curves, Steels 
Nos. 20 and 45 at Kure Beach 


20 specimens exposed at the same time 
have shown a decrease in corrosion rate 
with time, but specimens exposed at 
later dates have corroded faster. In the 
case of steel No. 45 this effect is more 
pronounced and corrosion rates have 
actually increased with time. 

It is suggested that this effect is also 
due to wind direction on wet days. 
Wilmington is the nearest city to Kure 
Beach and is about 15 miles slightly west 
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of due north. Since these tests were 
started in 1941 the amount of rain 
coming from the direction of Wilmington 
has been steadily increasing. This is 
shown in Table VII. The percentage of 
the total rain occurring when the wind 
was from the north increased from only 
0.1 per cent early in 1941 to 12.8 per cent 
in 1944. It seems likely that the 
corrosiveness of the atmosphere at Kure 
Beach is connected with the drift of wet 
sulfur gases from Wilmington. 

This makes it seem that the amount of 
sulfur dioxide in the air is particularly 


TABLE VII. eieeeeiene DATA AT WILMINGTON, 


5-13-41 11-13-41 11-13-42 11-13-43 
to to to to 
11-13-41 11-13-42 11-13-43 11-21-44 


183 365 365 374 
| days days days days 


Normal rainfall, in 29.22 46.93 46.93 | 47.54 


Actual ‘Inches 22.16 52.25 44.13 52.28 
rain- «Per cent of 75.8 111.3 94.1 110.0 
fall {normal 


28. 


= 
w | 


Rainfall occur- (NE 3. 7.2 
ring with E 1.9 4.8 0.7 14. 
prevailing SE 7.5 | 24.8 4.1 3. 
wind from S 27.8 22.4 
the direc- SW 47.2 25.4 45.3 19. 
tions indi- W 3.1 ‘3 3.2 4. 
cated, per NW. ‘3 4.6 4.0 8. 
cent | N 0.1 3.3 8.3 $3. 
Rain from easterly 
semicircle, per 
cent ale 31.2 55.4 32.3 56.5 


important at so-called marine locations. 
Table II showed the amount of sulfate 
to be considerable in the rust at Block 
Island, and it is known to be considerable 
in the rust at Kure Beach also. A com- 
parison of weight losses of identical steels 
after 3.3 yr. at Block Island and 3.5 yr. 
at Kure Beach shows that the more 
corrosion-resistant steels have been cor- 
roding at nearly identical rates, but that 
the faster corroding steels have been 
corroding about one and a half times as 
fast at Block Island as at Kure Beach. 
Additional determinations of sulfur com- 
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pounds in the rust and in the air would 
be interesting. 


MECHANISM OF RUSTING 


The data presented throw much light 
on the mechanism of rusting. The cor- 
rosion rate is believed to be controlled by 
the quality and quantity of the water 
reaching the steel surface. 
The quantity of water is not very 
great. An invisible film of moisture will 
support corrosion. Ona 4 by 6-in. speci- 
men a film of water of the same order of 
thickness as the adherent rust coating 
(Fig. 3) would weigh only about 4 g. 
As the rust becomes more protective the 
quantity of water reaching the steel 
surface would become less. It follows 
that only a few milligrams of soluble 
salts would make a big difference in the 
composition of the film of water. 
In the literature it seems to have been 
tacitly assumed that in a given atmos- 
phere each piece of steel is exposed to 
the same environment. Actually since 
corrosion products influence the amount 
of soluble salts, each steel is exposed to a 
separate environment. Since the corro- 
sion products are determined partly by 
_ the composition of the steel, composition 

becomes of paramount importance. 


Corrosion Reactions: 


In a fictitious very pure air the corro- 
sion reaction of pure iron would be as 
follows: 


2 Fe + a H.O + 130, — Fe.0;3-a H.O. (x) 


In a fictitious sulfurous atmosphere 
rain water could be regarded as dilute 
sulfuric acid and the corrosion reaction 
would be 


(2 Fe + 3H,SO, + 130, > 
Fe.(SO,); + 3 H.O 


In an actual industrial atmosphere 
containing normal amounts of sulfur 
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dioxide, the reaction would be a combina- 
tion of x and y, and the corrosion 
product would be a basic iron sulfate. 


2(x + y)Fe + 3yH2SO,+ 14(x+ y)O2 + 
ax — x Fe,O3-y Fe2(SO,)s- 
ax + 3yH,0.......... 


In the case of reaction x the corrosion 
product is insoluble, and presumably has 
no effect on the subsequent course of the 
reaction except as it blankets the iron 
and excludes water and oxygen. In the 
case of reaction y the corrosion product 
is soluble and would be expected to 
speed up the attack on the iron. It is 
well known that ferric salts are efficient 
cathodic depolarizers. In the case of 
reaction z the corrosion product is a 
basic sulfate. Its solubility might be 
expected to be somewhere between that 
of the hydroxide and the sulfate, or in 
other words to increase as the ratio of 
y to x increases. 

It should be noted that under the 
conditions of reaction z the solvent is 
not pure water but water acidified with 
sulfur dioxide. At Bayonne the pH of 
rain water in the troughs of some special 
roofing specimens (12) was found to be 
as low as 4.1. 

The occurrence of soluble salts has 
been well attested to in the literature, 
where white deposits on the drainage 
areas of samples have been repeatedly 
observed (7). At Bayonne the presence 
of soluble salts in the voluminous rust 
on steel No. 44 was demonstrated by 
extracting the rust with distilled water 
and detecting sulfate ion in the extract. 

In the presence of alloying elements 
such as copper and nickel, the corrosion 
product is no longer a simple basic iron 
sulfate, but becomes a complex basic 
sulfate of iron, copper, and nickel. The 
solubility of this complex is apparently 
less than that of the relatively simple 
basic iron sulfate, and this is believed to 
be the deciding factor. 
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Porosity of Rust: 


Rain water would be expected to wash 
away soluble corrosion products. In a 
sense this is beneficial, but it results in 
the rust having a porous structure. The 
more soluble the corrosion product the 
more porous the rust structure and the 
less protective the rust coating. 

The variation in porosity of the rust 
coatings was demonstrated in the case of 
some fresh 24-day old rusts. On a dry 
sunny day drops of water were placed 
on the steel specimens. In the case of 
steel No. 1, which corrodes rapidly, the 
drop spread rapidly forming an oval 2 in. 
wide and 3 in. long. In the case of steel 
No. 12, which corrodes slowly, the drop 
ran rapidly down the specimen and col- 
lected at the bottom edge, with only a 
little spreading of perhaps 3 in. In the 
case of steels Nos. 5 and 10, which cor- 
rode at intermediate rates, the drop 
started to run down but never reached 
the bottom edge. It spread to a width 
of perhaps 1} in. The drop dried fastest 
on steel No. 1 and slowest on steel No. 12. 

As time goes on the rust becomes more 
protective. This is because the pores in 
the rust gradually become plugged with 
additional corrosion product. But the 
rate of plugging still depends on the 
solubility of the corrosion product. On 
3-yr. old rusts the drops of water were 
much slower in spreading than on the 
44-day rusts. On the most corrosion- 
resistant steels the drop tended to remain 
in place; it did not drain down the 
specimen and spread to only a limited 
extent. On faster corroding steels, the 
drops spread to a greater extent and 
sometimes ran down a few inches. 

It may be that the color of the rust is 
determined to a considerable extent by 
its porosity. Generally powdering 
colored materials makes them appear 
lighter. Thus the more porous rust on 
the fast corroding steels is lighter in color. 
As the pores become plugged the rust 
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color darkens. It has been postulated 
before that the color of rust me py on 
the size of the individual crystal ( 15). 


Quality and Quantity of Water: 7 


Coming back to the hypothesis that 
the corrosion rate of steel is determined 
by the quality and quantity of the cS 

reaching its surface, it should be clear 

how the corrosion products determine 
both these factors. Initially when the 
surface is bare all steels are exposed to 
the same environment and corrode at 
about the same rate. This has been. 
observed many times (16, 17, 18) and is 

supported by the data in Table V. As 

the corrosion products accumulate the 
amount of water reaching the steel 
surface becomes less. The solubility of 
the corrosion products then comes into’ 
play. Relatively insoluble products 
crease the amount of soluble constituents 
in the water and thereby decrease corro-- 
sion. Relatively insoluble products do— 
not wash away and thereby they decrease 

the porosity of the rust coating and 

decrease the quantity of water reaching 

the steel. Thus, as time goes on and 

the rust coatings become more protec- 
tive, the position of the alloy steels 

improves. 


Role of Sulfur Dioxide: 


The importance of sulfates has been 
emphasized. This is because sulfur 
dioxide in the atmosphere is known to 
accelerate rusting. Rusting is quite slow 
in clean rural air. The need for in- 
creased corrosion resistance is not great 
(19). Nor is the benefit gained by 
alloying very marked (20). Corrosion 
is primarily by reaction x, and alloying 
cannot render the corrosion products 
any more insoluble. 

In industrial atmospheres rusting is 
rapid due to contamination of the atmos- 
phere with sulfur dioxide. Corrosion is 
by reaction z, and alloying elements 
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which form complex insoluble basic 


sulfates are beneficial. The corrosivity 
of the atmosphere increases with sulfur 
dioxide content; the need for alloying 


increases with the degree of atmospheric 


pollution. However, when pollution be- 
comes extreme the low alloy steels are 
no better than mild steel. This has 
been observed in smoke jacks of round- 
houses (20) and in Doves Hole Tunnel 
(21). Presumably the ratio of y to x in 
equation z becomes so high that the basic 
sulfates are fairly soluble. 


Role of Chlorides: 


At marine locations chlorides become 
important. But the data from Kure 
Beach and Block Island suggest that a 
combination of sulfur dioxide and chlor- 
ides may be particularly damaging. 
Probably the amount of salt is not so 
important as the amount of iron chloride 
which may be formed in the rust coating. 
An acid reaction due to sulfur dioxide 
would be expected to facilitate the forma- 
tion of ferric chloride. Placing the 
emphasis on ferric chloride would explain 
the observation that specimens exposed 
to a relatively mild industrial atmosphere 
and drenched with a 10 per cent solution 
of common salt once a week lost more 
weight than duplicate specimens which 
were similarly drenched once a day (22). 

The reactions involving ferric chloride 
and basic ferric chloride are probably 
similar to reactions (y) and (z), but the 
chlorides are more soluble and wash 
away more readily. This explains the 
small amount of chlorides found in the 
rust at Block Island. The solubility 
of the chlorides would be expected to 
make it more difficult to plug pores in 
the rust coating. Corrosion rates have 
been decreasing much more slowly at 
Block Island than at Bayonne. 

Chlorides are probably more corrosive 
than sulfates, making small 
amounts important. Electrolytic iron 
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from a chloride bath corroded more 
rapidly in the atmosphere than electro- 
lytic iron from a sulfate bath, the dif- 
ference being attributed to residual 
traces of chlorides (6). The edge effects 
at Block Island and Kure Beach attest 
to the corrosivity of chlorides. 

An attempt was made to show that 
chlorides had concentrated at the edges 
of the Block Island specimens. Rust 
was removed from corroded edges. To 
obtain a big enough sample, the 3-yr, 
old rusts from steels Nos. 1, 10, 11, and 
54 were combined. In each case for 
comparison an equal weight of rust was 
removed from the skyward surfaces 
remote from the edges. Analyses 
showed 0.03 per cent chlorides in the 
combined rust from the skyward sur- 
faces and 0.04 per cent chlorides in the 
rust from the edges. This is in the 
right direction, and the figure for the 
corroded edges is low, because this rust 
sample was contaminated with small 
pieces of frayed steel. 

A composite 3-yr. rust sample from 
nickel steels Nos. 28, 147, 46, 35, and 
20 at Block Island was analyzed and 
3.69 per cent water and 0.04 per cent 
chloride was found. The chloride was 
lower than expected. These nickel steels 
are comparatively corrosion resistant 
(Fig. 3). It may be that alloying ele- 
ments which remove sulfur dioxide from 
the field of reaction by forming complex 
basic sulfates, prevent the formation 
of much ferric chloride. oe 


Role of Alloying Elements: 


In the absence of data it cannot be 
certain that the proposed mechanism 
applies to other than copper and nickel 
steels. However, it seems significant 
that with the exception of phosphorus, 
all helpful elements, such as chromium 
and manganese, form insoluble basic 
salts, and that all neutral elements, 
such as carbon and silicon, do_ not. 
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When several elements are added at the 
same time, results are unpredictable, pheric corrosion standpoint is sulfur. 
and it may be that the proposed mecha- Upon corrosion this would form sulfates 
nism does not tell the whole story. and act in the same manner as atmos- 
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harmful element in steel from an atmos- 


B2-D3 B2-D8 

Bare 20 millionth in. Nickel 
31.3 g. loss 48 hr. Anneal 
18.4 g. loss 


B3-C4 B3-C9 
160 millionth in. Nickel We 100 millionth in. Copper 
48 hr. Anneal 7 48 hr. Anneal 
8.9 g. loss 32.7 g. loss 


Fic. 14.--Effect of Nickel and Copper Coatings on Corrosion of Steel No. 5, Exposed at Block — 
Island from July 8, 1942 to September 7, 1944. (24). 


thus silicon which is not beneficial by — pheric sulfur dioxide. Copper additions 
itself is helpful in combination with to steel have been regarded as fixing 


chromium, copper, and phosphorus. the sulfur by forming copper sulfide. In_ 
It also seems significant that the only a sense this may be true but copper sul- 
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fide would oxidize in the atmosphere 
- the ultimate corrosion product 
would be a basic sulfate. In all the 
steels of the present tests the sulfur 
content was low enough to have no 
noticeable effect. 

Going through the periodic table does 
not suggest any better alloy additions. 

Elements forming insoluble sulfates are 
not soluble in steel, although the presence 
of 0.06 per cent lead has been said 
to be beneficial (23). Most elements 
which are known to form insoluble basic 

sulfates have already been tried. The 
exceptions are the precious metals, par- 
ticularly rhodium and palladium. 


Other Mechanisms: 


Carius (5) has suggested that in cop- 
per steels corrosion resistance is in- 
Bact by the formation of a copper 
or copper-rich layer next to the steel 
surface. It has already been pointed 
out that analyses of rust coatings failed 
to show any real concentration of copper 
_ in the outer loose rust or in the adherent 

rust. After removing the rust by catho- 
dic treatment in hot copper-free 10 per 
cent sulfuric acid, no metallic copper 
= ever seen on the metal surface. Thus 
there seems to be no support for the 
_ theory of Carius. 

In some separate tests initiated by 
Wesley (24) thin electrodeposited copper 
coatings on steel No. 5 were actually 
found to be harmful. This is shown in 

Fig. 14 where the copper-coated speci- 

men is profusely perforated. On the 
other hand, thin nickel coatings were 

beneficial provided they were given a 

diffusion anneal sufficient to produce a 
small amount of nickel-iron alloy. The 
~ conclusion seems to be that thin coatings 
of pure copper or nickel are harmful, 
but that alloy coatings are helpful. 
The alloy corrodes and introduces bene- 
ficial corrosion products into the rust. 
Heat-treated nickel coatings are better 


- 


than heat-treated copper coatings be- 
cause nickel is more soluble in steel. 

It has been proposed that variation 
in corrosion is due to length of time wet, 
the rust on poor steels being more 
hygroscopic. After 1 yr. at Block 
Island corrosion rates varied from 165 
to 4.3 milligrams per sq. cm. per day 
or 40 to 1. It would be impossible for 
one steel to be wet 40 times longer than 
another (Table VI). Nevertheless all 
steels may not be wet the same length 
of time. The thick rust on the fast 
corroding steels is definitely slower in 
drying out. 

Other ideas that have been expressed 
are that the steels have different critical 
corrosion humidities, that the low-alloy 
solid solutions are more noble, that 
alloying decreases the potential dif- 
ference between the metal and the rust. 
One trouble with these ideas is that they 
should affect corrosion from the start, 
whereas it takes time for atmospheric 
corrosion rates to begin to diverge. The 
time effect explains why it has been 
difficult to devise accelerated tests (16). 

It should be obvious why atmospheric 
corrosion of low-alloy steels does not 
parallel immersed corrosion (22). In 
immersed corrosion all steel specimens 
are exposed to the same environment. 


CONCLUSIONS 


1. Corrosion rate depends on_ the 
quality and quantity of water reaching 
the steel surface. The quality is af- 
fected by atmospheric pollution, by the 
solubility of corrosion products, and by 
the wash of rain. Quantity is affected 
by shelter and by porosity of the rust 
which in turn is affected by the solubility 
of corrosion products. The quantity 


reaching the steel surface ai any one 
time is not very great so that even a few 
milligrams of soluble material makes a 
big difference in quality. 
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2. Function of copper and nickel is 
to render sulfates insoluble by forming 
complex basic sulfates. The percentage 
of sulfates in the rust increases as weight 
loss decreases. 

3. Porosity of rust decreases with 
time. Rust on corrosion-resistant steels 
is least porous. 

4. When several elements are added at 
the same time, results are unpredictable 
and it may be that proposed mechanism 
does not tell the whole story. 

5. Going through the periodic table 
with the new mechanism in mind does 
not suggest any better alloy additions. 

6. Edge effects at Block Island were 
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due to soluble chlorides being swept to 
corroded edges by the wash of rain. 

7. Variation in weather affects cor- 
rosion, but may affect different steels 
differently. This is because rainfall 
has a dual réle. Moisture must be 
present for steel to corrode, but washing 
away of soluble material is beneficial. 
Dew, fog, high humidity, and shelter 
would be expected to be harmful. 


Acknowledgments: 


The author wishes to express his ap- 
preciation to W. A. Wesley and F. L. ~ 
La Que for permission to include some 
of their experimental data. 


Testing Mats. (1937). (Symposium is- 
sued as separate publication.) 

(9) C. P. Larrabee, “The Effect of Specimen 
Position on Atmospheric Corrosion Testing — 
of Steel,” Transactions, Electrochem. Soc., 
Vol. 85, p. 297 (1944). 

(10) H. S. Rawdon, “Atmospheric Corrosion — 
Testing,’’ Symposium on Corrosion Testing 
Procedures, p. 42, Chicago Regional Meet- 
ing, Am. Soc. Testing Mats. (1937). 
(Symposium issued as separate publica- 
tion.) 

(11) W. Blum, P. W. C. Strausser, and A. 
Brenner, ‘“‘Protective Value of Nickel and 
Chromium Plating on Steel,” Journal of 
Research, Nat. Bureau Standards, Vol. 13, 
p. 338 (1934). 

(12) N. B. Pilling and W. A. Wesley, “Atmos- 
pheric Durability of Steels Containing 
Nickel and Copper,” Proceedings, Am. 
Soc. Testing Mats., Vol. 40, p. 643 (1940). 

(13) G. Schikorr, “Cher das Atmosphirische 
Rosten des Eisens,” Zeitschrift Electrochem., 
Vol. 42, p. 107 (1936). 

(14) Unpublished Data, F. L. La Que, The 
International Nickel Co., Inc. 

(15) F. Drexler, “Beitrag zur Morphologie des 
Rostes,” (The Morphology of Rust), 
Korrosion Und Metallschutz, Vol. 6, p. 3 
(1930). 

(16) H. Pray and J. L. Gregg, “An Accelerated 
Atmospheric Corrosion Test,” Proceedings, 
Am. Soc. Testing Mats., Vol. 41, p. 758 | 
(1941). 

(17) J. A. Jones, “Effect of Phosphorus on— 
Mechanical and Corrosion Resisting Prop- 


el. 
on 
et, 
re 
ck 

65 
ay 
‘or 
an | 
all 
th 
ist 

in 
ed 
cal 
loy 
lat 
lif- 
ist. 
ey 
rt, 
ric 
‘he 
en 
6). 
ric 
10t 

In 
nt. 
the 
ing 
af- 
the 
by 
ed 
ust 
ity 
ity 
yne 
ew 
a 

| 


erties of Low-Carbon, Low-Alloy Struc- (21) Fourth Report of the Corrosion Commit- 


CopsoNn ON RusTING oF Low ALLoy STEELS 


tural Steels,” Journal, Iron and Steel tee, Iron and Steel Inst., London, 1936, 
-Inst., Vol. 135, No. 1, p. 113 (1937). p. 22-35. 

_ (18) 5. ¢ : Britton, “Some Properties r Com- (22) C. P. Larrabee, “Corrosion of Steels in 
mercial Steel Sheets Containing Additions 
Phosphorus,” Journal, Iron and Steel ter,” Electrochem. Soc., Preprint 87-12, 
Inst., Vol. 135, No. 1, p. 161 (1937). 1945. 

(19) J. C. Hudson, “Present Position of the (23) C. F. Burgess and J. Aston, “Influence of 
Corrosion Committee Field Tests on At- Various Elements on Corrodibility of Iron,” 
mospheric Corrosion,” Journal, Iron and ’ Transactions, Am. Electrochem. Soc., Vol, 


Steel Inst., Vol. 148, No. II, p. 161 (1943). : 
’ ’ 
(20) O. W. Storey, Discussion on Corrosion of (#912). 
Iron and Steel. Transactions, Am. Elec- (24) Unpublished Data, W. A. Wesley, The 


trochem. Soc., Vol. 39, p. 137 (1921). International Nickel Co., Inc. 


{> 
al 


ey 


blac 
ety 
[rol 
pro 
obs 
The 
she 
and 
the 
dur 
The 
pos 
dus 
of 
latt 
coa 
at 


520 
= >. 6; wh 
wit 
—— 
6 


Mr. H. E. (by letter)—The 
black sheet tests sponsored by the Soci- 
ety’s Committee A-5 on Corrosion of 
Iron and Steel, at Annapolis, now ap- 
proaching 30 yr. exposure, confirm one 
observation in the text of the paper. 
The rust on the more rapidly corroded 
sheets is lighter in color, more porous 
and friable, and less tightly adherent to 
the sheets. This was especially true 
during the first years of the exposure. 
The differences are not now so striking, 
possibly due to adhesion of miscellaneous 
dust and dirt, and perhaps to plugging 
of pores mentioned in the paper. This 
latter is especially notable on the lead- 
coated wires exposed by Committee A-5 
at various locations. 

With reference to the third paragraph 
of the synopsis of the paper, the more 
severe corrosion near certain edges of 
the specimens is also illustrated in the 
Annapolis tests, where nearly all of the 
failures (perforations) have been within 
12 in. of the lower ends of the sheets, 
which are 60 to 80 in. long and exposed 
in an inclined position, 

The last paragraph of the synopsis 
mentions variations in composition and 
amount of corrosion products as produc- 
ing a different environment for each 
specimen. This appears obvious, how- 
ever, the differences are really inter- 
mediate causes and the result of the 
primary causes of composition and phys- 
ical properties of the metal and atmos- 
phere, taking the latter in the large 
sense. It includes not only the com- 
position of the atmosphere, particularly 
vith respect to definitely corrosive gases, 


' Materials Engineer, White Plains, N. Y. 
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but also temperature, wind and sun- 
shine, affecting speed of drying after 
rain. Rain water, especially the first: 
which falls, may vary in composition in— 
different localities and at different times. 
And wind may carry particles of gritty 
dust which remove portions of protective 
films. However, all of this reduces to 
two primary causes, metal and atmos- 


phere. 

Mr. WALTER LEAF? (by letter).— Some 
data that I have collected during the / 
past two years may be interesting in 
connection with this paper. 

My problem is the opposite of that of 
the author, in that I desire rust to form 
at the greatest rate possible. We have 
a water supply with 5 grains of silica 
per gallon in solution, and I have found 
that freshly-formed hydrous oxide of 
iron absorbs the silica very strongly, 
the rust from 1 lb. of iron picking up 
about 1 |b. of silica. In my particular 
problem, I have found that if the water 
running to the iron shavings has more 
than about 2 grains of silica, a protective 
coating is formed on the iron, preventing 
further rusting, at a pH of around 6.8 
or higher. But if I circulate water from 
the rusting tank, diluting the incoming 
water to less than two grains, rusting 
takes place rapidly at a pH as high as 
7.6. Thus, there is an equilibrium which 
is upset one way or the other. If rusting 
is too slow for the amount of silica pres- 
ent, the silica is absorbed on the oxidized 
iron surface, giving a dense protective 
coating. If the rusting is a little more 
rapid, the silica is absorbed by oxide in 
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suspension before reaching the iron sur- 
face and no protective coating is formed. 
This fact might be of importance in 
corrosion, where silica dust might accu- 
mulate on the test specimens, go into 
solution and then be absorbed. 

We have built an experimental plant 
to treat 1800 gal. of water per hour and 
have an 8 by 8-ft. wood stave tank filled 
with steel lathe turnings, through which 
the water flows, with an aerating system 
in the bottom. At times, it is quite a 
problem, trying to get rust to form. 
Without any circulation or pretreatment 
to lower the pH, water will run over this 
tremendous iron surface without a trace 
of rust forming, and come through as 
sparkling clear as it entered, even with 
very heavy air agitation. On the other 
hand, with circulation and carbonation 
to pH below 7.4, the water has so much 
rust that light transmission through it 
is limited to several inches. 

Mr. Marc Darrin* (by letter).— 
The corrosion reactions given on page 574 
may be somewhat over-simplified. They 
disregard the mechanism and location 
at which atmospheric sulfur may be 
oxidized from the sulfurous to the sul- 
furic state, nor do they indicate whether 
some of the iron may remain in the 
ferrous state. Although most of the 
iron is ferric, probably some remains as 
a hydrous ferrous - ferric compound.‘ 
Presumably atmospheric sulfur dioxide 
dissolves in moisture on the panel and 
combines with some of the hydrous 
iron oxides to form ferrous sulfites (or 
hydrosulfites) and sulfates which are 
oxidized by atmospheric oxygen to basic 
ferric sulfates. 

It is felt that conclusion 7 regarding 
effect of weather (and presumably tem- 
perature) should be a part or continua- 


3 Chief Research Chemist, Research and Development 
Dept., Mutual Chemical Company of America, Baltimore, 
Md 


10. Bauer, “Korrosion Metallischer Werkstoffe,”’ 
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tion of conclusion 1, namely, the factors 
which influence the rate of corrosion. 

The theory postulated on page 559 (and 
embodied in conclusion 2) is not very 
convincingly supported by the author’s 
data, although probably in line with it, 
namely, that the ‘function of the copper 
and nickel is to render sulfates insoluble 
by forming complex basic sulfates.” 
The mechanism may not be this simple. 
Possibly it is not so much the greater 
insolubility of the copper and_ nickel 
sulfates as their greater resistance to 
hydrolysis. For instance ferric sulfates 
may hydrolyze during a wet period, 
liberating acid which dissolves addi- 
tional iron. If the author’s theories 
are correct, the more soluble sulfate 
from the rusting of a- very low-copper 
steel such as No. 44 should give a 
markedly lower SO, content in the rust 
on the skyward surface. Tables III 
and V show that this was not so. 

Mr. H. D. Horrer® (by letter).— 
The results of the careful analytical 
work in this investigation furnish an 
excellent demonstration of the impor- 
tance of the nature of the corrosion 
product in controlling atmospheric cor- 
rosion. While the lower rates of cor- 
rosion, attributable to the low solubility 
of basic sulfates may not be due to 
passivity in the usual sense, they do 
recall a paper presented in 1929 by 
McCulloch at the Pittsburgh meeting 
of the American Electrochemical Soci- 
ety, in which he showed that the passiv- 
ity of certain metals in sulfuric acid 
solutions may be due to the slow solu- 
bility of the sulfate film formed on the 
metallic surface. The relation between 
weight-loss and amount of sulfate in the 
corrosion-product as shown in Fig. 6 
certainly tends to support a similar con- 
clusion, even though the conditions of 
testing were entirely different. 


§’Chemical and Metallurgical Dept., Westinghouse 
Electric Corp., East Pittsburgh, Pa. 
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It is apparent from this investigation 

that a better definition of the conditions 
of test than the geographical location is 
badly needed. It certainly is not suffi- 
cient to say that the conditions were 
“industrial,” or “marine.” The con- 
sumer faces a similar problem in defin- 
ing the conditions of service for which 
he must select a material. His difficulty 
is great enough without having to fore- 
cast the weather also. 

The correlation of weather conditions 
with the results of atmospheric exposure 
tests has been advanced by this investi- 
gation; and a plausible explanation of 
results has been offered. However, the 
data in Fig. 13 showing that corrosion 
rates depend upon the particular year 
of exposure illustrate the need of better 
methods of defining conditions. What 
we need is a unit of corrosivity so that 
weight-losses or other losses may be 
plotted, not against time, but against 
units-of-corrosivity multiplied by time. 
Perhaps more complete records of at- 
mospheric conditions, such as_ those 
initiated in this investigation will lead to 
a more exact definition of corrosivity. 

This paper is a very positive contribu- 
tion toward that end. 

Mr. M. A. Comiey® (by letter).— 
The paper breaks new ground, since it 
covers a theory of outdoor corrosion of 
steels during long periods of exposure 
rather than during the initial stages of 
corrosion which have already received 
much study. Commercial interest lies 
chiefly in the relative corrosion rates 
after long exposure, and since the value 
of nickel or copper additions only gradu- 
ally develops, an explanation of the long- 
term effect of these additions is especially 
welcome. 

A considerable volume of evidence in 
regard to the composition of rust in rela- 
tion to the composition of the steels, their 

eriods of exposure, the rainfall, and 
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the wind direction is collected in this 
paper. This provides a sound experi- 
mental basis on which is founded the 
theory that the relative rates of corrosion 
are dependent on the quality and quan- 
tity of water reaching the metal surface. 
This is considered to be mainly con- 
trolled by the porosity of the scale. In 
steels containing nickel or copper, the 
pores in the scale are gradually blocked 
by insoluble duplex basic sulfates of 
nickel, copper and iron. The theory is 
in general accordance with (a) the re- 
sults of numerous analyses of the corro- 
sion products of steels, contained in the 
paper, (6) analyses of nickel and copper 
corrosion products contained in earlier 
work, and (c) the assumption that 
rusting substantially takes place under 
moist conditions. 

If it is granted that rusting takes place 
by an electrolytic mechanism rather 
than by dry ionic combination (and there 
is considerable evidence in the literature 
in favor of this view) the new ground 
covered is mainly included in the postu- 
late that nickel and copper additions 
form with iron insoluble complex basic 
sulfates or chlorides which render the 
coating on the alloy steels increasingly 
impervious to moisture. This accounts 
satisfactorily for the fact that the value 
of these additions only develops gradu- 
ally. The action is analogous to the 
effect of a deposited film of calcium and 
zinc carbonates in restraining the cor- 
rosion of zinc exposed to hard water. 

Accumulation of corrosion products 
only partially removed by rain may 
accelerate the corrosion of certain metals 
in humid or saline atmospheres.’ The 
theory in this case asserts that a rela- 
tively small amount of nickel or copper 
salts builds up a coating which not 
only does not accelerate corrosion, but 
in time actually reduces it. 


7 Schikorr, Elektrochemische Zeitschrift, Vol. 43, p. 
697, (1937). 
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The theory is useful in suggesting that 
the number of effective addition ele- 
ments is limited, and that the relative 
rates of corrosion of mild and _ alloy 
steels are controlled by the corrosion 
product rather than by traces of addition 
elements left on the metal surface. 

The experimental results are open to 
very little, if any criticism, but there 
are a number of theoretical points which 
are worth consideration. It is stated 
on the first page of the paper that “A 
factor which has been neglected in the 
literature is the composition of the film of 
electrolyte on the steel surface. It has 
been tacitly assumed that in a given at- 
mosphere each test specimen of steel is 

_ exposed to the same environment.” 
We would suggest that other workers, 
-even when they referred to exposures 
= out in the same environment, 
did in fact realize that the conditions 
at the metal surface were dependent on 
the adherent corrosion product and re- 
tained electrolyte, even if their effect on 
the metal was not specifically men- 
tioned. 
Vernon® and Hudson,’ for example, 
have referred to the type of rust or 
corrosion product formed, and to its 
contained electrolyte, and have treated 
the metal and adherent (soluble or in- 
soluble) corrosion product as a whole" 
~ following a procedure usual in dealing 
‘dh wet corrosion, although it is true 
that relatively little attention has been 
paid to the soluble corrosion products 
of steels. In this connection the state- 
ment on page 578 of the paper that in 
immersed corrosion all steel specimens 
are exposed to the same environment 
also seems to require a little modifica- 
tion. Evans," for example, has dis- 


* Vernon, Transactions, Faraday Soc., Vol. 31, pp. 1668- 
1700, (1935). 

* Hudson, Transactions, Faraday Soc., Vol. 25, p. 204 
et seq., p. 251 (1929). 

1 Vernon, Transactions, Electrochemical Soc., Vol. 
64, p. 316 (1933). 
1 Evans, Journal, Soc. Chemical Industry, Vol. 44, 
ip. 168T. 

Mears and Evans, Transactions, Faraday Soc., Vol. 
31, p. 532 (1935). 
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cussed the effect of the electrolyte con- 
tained in semipermeable rust coatings 
formed in saline solutions. 

In the discussion on alternative cor- 
rosion mechanisms on page 578, there is 
a rejection of the idea of critical humid- 
ity, which Vernon essentially applied 
to the initial stages of atmospheric cor- 
rosion. It is very doubtful if he would 
extend his views on the effect of critical 
humidity and hygroscopicity to the ex- 
tent of asserting that these were more 
than minor factors controlling the cor- 
rosion rates of alloy steels after long 
periods of exposure. Moreover since 
the initial corrosion products of mild 
and alloy steels must differ extremely 
little in composition, there seems no 
reason to anticipate, as suggested on 
page 578, that there should be significant 
differences in their critical humidity or 
hygroscopicity sufficient to bring about 
initial differences in their corrosion rates. 
As mentioned later, it is thought that 
hygroscopicity may be of some impor- 
tance, but the theory of critical humidity 
hardly seems to compete with that out- 
lined in the paper. 

Vernon showed” that invisible oxide 
films can retard initial corrosion and that 
films of this type are formed by a dry 
reaction similar to the fictitious type 
formulated on page 574. The work of 
both Vernon'® and Hudson" indicates 
that significant corrosion then proceeds 
by an electrochemical mechanism de- 
pendent on a moisture film. For ex- 
ample, pure air free from sulfur, even 
when super-saturated, will cause little 
corrosion. ‘Traces of sulfur dioxide can 
initiate corrosion at a critical humidity, 
but the corrosion rates only become 
really serious when there is super-satura- 


12 Vernon, Wormwell, and Nurse. Journal, Chemical 
Soc., (1939), pp. 621-632. i 

Vernon, Transactions, Faraday Soc., Vol. 23, p. 159 
(1927); Vol. 31, p. 1670 (1935). ; 

Also studies were made by Freundlich. (Zeitschrift 
fiir Physikalische Chemie, Vol. 128, p. 321). ; 

18 Vernon, Transactions, Electrochemical Soc., loc. ¢#. 

48 Hudson, Transactions, Faraday Soc., Vol. 25, p. 244 
(1929). 
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tion, or when traces of electrolyte are 
retained by particles of dust on the sur- 
face. 

The fact that iron corrodes # localized 
areas with the formation of pits, to- 
gether with experimental results of the 
type outlined above, certainly points to 
an electrochemical mechanism. ‘This 
is not brought out clearly in the paper, 
although there is little doubt that the 
author is in agreement with this view, 
and indeed he stresses the influence of 
the composition of the electrolyte. Nev- 
ertheless, implications of the theory 
seem at times to be ignored in the dis- 
cussion of the corrosion reactions on 
page 574. 

On page 575, a simple oxidation reac- 
tion x is considered to take place in 
rural air. Alloy steels show no sig- 
nificant difference from mild steel since 
under these conditions they form oxides 
and do not form insoluble sulfates. It 
is suggested that the similarity in be- 
havior is not due to the fact that both 
mild and alloy steels undergo direct 
oxidation (Vernon’s results limited dir- 
ect oxidation in pure air to the formation 
of a very thin, nearly invisible film) and 
that they do in fact undergo electrolytic 
corrosion, which takes place just as in 
industrial air. 

The corrosion products of copper and 
nickel in rural air and in marine air 
have been shown by Vernon and others'® 
to contain sulfates (with and without 
chlorides and some carbonates) of in- 
creasing basicity dependent on_ the 
period of exposure. The Block Island 
rusts also contained sulfates. The pres- 
ence of these salts infers that some elec- 
trolytic corrosion must have taken 
place. In these circumstances, the simi- 
larity of corrosion rates of different steels 
in rural air may be due to one of two 
reasons. Either (a) rusting is very 


Vernon, Journal, Chemical Soc. (1934), p. 1853. 
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slow (because only traces of sulfur are 
derived from the air and the steel), 
and the advantages of alloy additions 
may only be manifested after very pro- 
longed exposure, or (b) if corrosion is 
slow, it would be possible for the soluble 
nickel or copper sulfates or chlorides 
to be washed away as fast as formed and 
before they could form a basic coating. 
In this case, alloying would never effect 
an improvement. The figures in Table 
IIT show that a large proportion of nickel 
and copper is actually lost from the rust 
coating. 

It is thought that the following ampli- 
fication or modification of the theory 
contained in the paper may conform 
rather more closely to certain of the 
experimental facts. 

After breakdown of the original trans- 
parent oxide film, the first products of 
corrosion consist of sulfates and chlor- 
ides with a much lower proportion of 
carbonates, especially in industrial air. 
The iron salts are readily hydrolyzed 
directly to hydroxides and oxides giving 
rise to an electrolyte having an acid 
reaction, which promotes further cor- 
rosion. The more sulfurous the atmos- 
phere the more hydrolysis is restrained, 
and the further from the metal surface 
deposition of hydroxide takes place. In 
any case a loose porous rust results, 

Nickel or copper salts, however, hy- 
drolyze at cathodic areas, or in contact 
with air, less completely than iron, and 
are thus converted to basic salts (within 
the iron oxide coating). It is also pos- 
sible that a proportion of basic salts with 
some sulfides may be formed directly 
from nickel or copper and assist in the 
production of an impervious coating. 

The figures in Table III show that an 
even greater proportion of nickel and 
copper than of iron was washed away 
from the surface of the steels, yet a small 
proportion of copper (about 0.03 per 
cent) and less than 0.2 per cent of nickel 
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in the steel greatly reduced the corrosion 
rate. It is thought that the reduction 
may be due to these elements gradually 
forming, close to the metal surface, a 
coating of their basic salts which ex- 
cluded sufficient moisture to enable a 
proportion of the iron to change to basic 


sulfate instead of hydrolyzing com- 
pletely. The paper shows that in time 


the adherent layer of basic salts sur- 
passed in quantity the loose rust. At 
this stage the results in Tables III and 
IV show that the sulfate content of the 
loose rust was roughly 3 to 4.5 per cent, 
the sulfate content of the adherent rust 
being perhaps a little lower. 

The analyses show that the loose rust 
contained a very large excess of iron sul- 
fate over the nickel or copper sulfates. 
It would be of considerable interest to 
obtain, if possible, similar analyses of the 
adherent rust, since the result for steel 
7 (Table IIT) again shows a high sulfate- 
copper ratio. If this is generally true, 
the basic iron sulfate played a very im- 
portant part in blocking the pores in the 
scale, and it may be questioned whether 
there is any need to postulate the for- 
mation of relatively insoluble complex 
basic sulfates of copper or nickel with 
iron, to account for increased corrosion 
resistance. A small proportion of basic 
_ nickel or copper sulfate may enable a 
larger proportion of iron to become basic 
and in this way to fill the majority of the 
voids in the porous oxide coating. The 
basic iron salts would be the main factor 
directly improving corrosion resistance. 
Higher, but nevertheless relatively small, 
proportions of nickel or copper might 
reasonably have little effect on the 
amount of basic iron sulfate formed, and 
would merely bring about a minor in- 
crease in corrosion resistance by further 
blocking the pores in the coating. This 
is in accordance with the relation be- 
tween nickel and copper contents and 
- weight losses shown in Fig. 3. 


The views expressed in the paper that 
the porosity of the rust would affect the 
drying out time seems sound. It would 
also influeffce the minimum atmospheric 
humidity necessary to maintain corro- 
sion. A thick porous rust might also 
retain hygroscopic acid electrolyte. The 
results show that the weight of loose 
porous rust on the corrodible steels was, 
in fact, much higher at all stages than 
on the relatively noncorrodible steels. 
Without questioning the major impor- 
tance of the effect of basic salts, it re- 
mains possible that the moisture-retain- 
ing capacity is of distinctly greater 
importance than is suggested on page 
578 of the paper. 

The above considerations do not de- 
tract from the main thesis that the dif- 
ference between the rates of corrosion of 
mild and alloy steels is due to their rela- 
tive capacity to form a proportion of 
adherent protective rust, the protective 
action being due to the presence of basic 
sulfates or chlorides. 

Mr. W. H. J. VERNON" (by letter).— 
The paper by Mr. Copson is very much 
to be welcomed especially for the large 
amount of valuable data that it provides 
on the composition of the atmospheric 
corrosion product of ferrous materials. 
Systematic information of this kind is 
long overdue. In the case of non- 
ferrous materials I made an attempt 
some years ago!’ to provide relevant 
data, and, in particular, to distinguish 
between the composition of the product 
left adhering to the metal and that 
carried away in soluble form by rain. 
Striking differences in behavior were re- 
vealed, according to the relative inci- 
dence of the two components that make 
up the total attack, the relationship 
being considerably affected by the na- 
ture of the early adherent product and 

© Chemical Research Lab., Dept. of Scientific and In- 
dustrial Research, Teddington, England. 


17 Transactions, Faraday Soc., Vol. 19, p. 855 (1924); 
and Vol. 23, p. 166 (1927). 
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the manner in which it provided a ‘‘mem- 
brane”’ to retain liquid in contact with 
the metal.'8 

The author stresses that “owing to the 
influence of corrosion products each 
steel is exposed to a separate environ- 
ment” and concludes that this factor has 
been neglected in the literature. Mr. 
Copson has certainly brought out the 
former point with great effectiveness and 
inso doing has performed a useful serv- 
ice. He will probably agree that the 
principle is very similar to that es- 
tablished in the earlier (non-ferrous) 
work. This work subsequently led to 
the study of the patina on copper, in 
which the development of the coor- 
dination compound CuSO,-3 Cu(OH). 
was shown.'® The view has, I believe, 
been fairly widely held that the copper in 
copper-bearing steel plays an analogous 
role in leading to the formation of in- 
soluble complexes in the product, but 
the evidence and discussion now ad- 
vanced by Mr. Copson carry the whole 
matter very considerably further. 

The study of the r6le of the corrosion 
product in the open-air corrosion of 
copper and its alloys had long encouraged 
me to feel that a similar study for ferrous 
materials would be well worth-while. 
Early in 1939 a modest start was made, 
in collaboration with Mr. E. G. Stroud 
Chemical Research Lab., Teddington, 
England), using a series of irons and steels 
as used in the field tests of the Iron and 
Steel Institute Corrosion Committee. 
The technique was similar to that of the 
earlier work except that provision was 
made for distinguishing between the 
soluble and insoluble part of the product 
which leaves the specimen. The tests 
were brought to an end in 1940, but pres- 
sure of other problems has so far pre- 
vented publication of the results. Mean- 
vhile, several features, in view of their 


Transactions, Faraday Soc., Vol. 23, p. 172_ (1927). 
” W.H. J. Vernon and L. Whitby, Journal, Inst. of 
Metals, Vol. 42, p. 181 (1929); and Vol. 44, p. 389 (1930). 


bearing upon Mr. Copson’s finding, 


may possibly be of interest. 

1. The ratio of copper to iron in the 
adherent rust is considerably less than the — 
values quoted by Mr. Copson: on the- 
other hand, in the insoluble detached rust 
it is considerably higher, and higher still — 
(higher than in the original metal) in— 
the soluble component. 

2. There is, throughout the series, 
wherever copper is present in the original | 
steel in measurable amount, a tendency 
for the ratio to increase in the products 
in the order stated in (1). 

3. The higher the copper content of 
the original steel, the lower, in general, 
is the (relative) copper-iron content of 
the product. 

4. The ratio (in the product) is lower 
in tests started in the winter than in 
tests started in the summer. 

5. The addition of 1 per cent chro-— 
mium to the steel increases the copper- 
iron ratio in the product. 

6. Total corrosion (measured by loss 
of weight of specimen) is rather greater 
in tests started in the winter. 

The fact that in all Mr. Copson’s 
experiments the copper-iron ratio is’ 
less for the product than for the original 
metal may find some elucidation in these 
results, since it is clear that in the early 
stages there is a preferential dissolving 
of copper as compared with iron. (The 
results are also consistent with results 
obtained in the work with copper!’ 
since it was found that in the early 
stages the principal product was normal 
copper sulfate which was freely removed © 
by rain. Retention on the specimen 
surface was dependent on the formation 
of basic copper sulfate, the solubility 
of which decreases as the basicity in- 
creases with time.) Evidently it is the 
condition rather than the quantity of 
copper in the product that determines 
its protective effect. It seems probable 
that longer periods of exposures would 
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lead to an increasing value (though at a 
falling rate) for the copper-iron ratio in 
the product, of which, indeed there al- 
ready seems some indication in Mr. Cop- 
son’s paper. Incidentally, one would 
like to ask the author what procedure 
he followed for removing rust from the 
specimens, especially in the case of short 
periods of exposure (for example 25 days 
at Bayonne). 
A valuable feature of the paper is the 
graphical presentation of composition 
of rust in relation to copper content that 
: has been permitted by the large amount 
of available data. It is not possible in 
this contribution adequately to discuss 
various other points that have been so 
usefully demonstrated, as for example 
the influence of the texture of the rust 
and the relationship with weather data. 
It is gratifying to note that the work is 
——s and a further communica- 
tion in due course will be awaited with 
the greatest interest. 
Mr. H. R. Copson (author's closure, 
by letter).-1 am grateful for the discus- 
sions which have been presented, par- 
ticularly for the different points of view 
which have been expressed. Mr. Ver- 
—non’s and Mr. Comley’s comments are 
especially appreciated because they were 
made from a vantage point acquired by 
the British from extensive studies of the 

initial stages of atmospheric corrosion. 

Mr. Comley and Mr. Darrin criticize 
the corrosion reactions on page 574 as 

— being over-simplified, and they probably 
are justified in this. The reactions were 
included to illustrate the réle of basic 
sulfates. As the discussors point out 
the reactions can be broken down into 
several steps. The author certainly 
agrees that rapid rusting of iron in the 
atmosphere proceeds by an electrochem- 
ical mechanism, and did not mean to 
infer that the behavior was otherwise in 
rural air. No actual rural air would be 
expected to be as pure as the ‘‘fictitious 
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very pure air” of reaction x. Analyses 
of rust coatings acquired in rural air 
would be instructive. I would expect, 
as Mr. Comley does, that sulfates would 
be found present, although in smaller 
percentage than in_ industrial at- 
mospheres. 

Mr. Comley mentions, as evidence of 
an electrochemical mechanism, that iron 
corrodes at localized areas with the 
formation of pits. Pit depth measure- 
ments were made on all the specimens 
described in the paper. Measurements 
with flat micrometers showed the mini- 
mum decrease in thickness of the speci- 
mens to be less than 0.001 in., except in 
the case of very rapidly corroding steels 
which were perforated and beginning to 
disintegrate. In other words there was 
practically no corrosion at cathodic 
areas. fast-corroding steels, the 
cathodic areas were small and the anodic 
areas large. On steels corroding slowly, 
the cathodic areas were large and the 
anodic areas small. Pit depths told 
the same general story as weight losses. 
Pit depths were deeper on the ground- 
ward surfaces than on the skyward. 

Mr. Comley attempts considerable 
amplification of the réle of basic sulfates. 
It would seem that his ideas would 
require the adherent rust to contain more 
sulfate than the outer loose rust. The 
few analyses in Table III and the data 
cited by Mr. Vernon seem to indicate 
the reverse to be true. Mr. Vernon is 
undoubtedly correct in emphasizing the 
condition of the corrosion products 
rather than the total quantities of cop- 
per or sulfate or other constituents. We 
agree with Mr. Comley that further 
analyses of adherent rust would be 
instructive. 

Mr. Comley calls attention to the fact 
that the loose rust contained a very large 
excess of iron sulfate over nickel or 
copper sulfate. Perhaps this fact was 
not sufficiently emphasized in the paper 
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but was the reason for speaking of 
complex basic sulfates of iron, copper, 
and nickel. Perhaps in conclusion 2, 
which is cited by Mr. Darrin, it would 
have been well to say “the function of 
copper and nickel is to render sulfates 
insoluble by forming complex _ basic 
sulfates of iron, copper, and nickel.” 

Mr. Comley prefers to treat his basic 
sulfates separately, but does it really 
make much difference? Basic sulfates 
are not usually considered as definite 
chemical compounds, but are more in 
the nature of solid solutions. In con- 
nection with Mr. Comley’s statements 
it should be pointed out that the benefi- 
cial effects of nickel upon the weathering 
resistance of steel increase steadily with 
increasing nickel content and are en- 
hanced by the addition of optimum 
amounts of copper.”” 

With regard to hygroscopicity, it 
would be expected that the moisture- 
retaining capacity of the rusts would be 
reflected in the moisture content deter- 
mined during the analyses. In drying 
the rusts at 110 C., in general, more 
moisture was given off by rusts from 
slowly corroding steels than by rusts 
from fast corroding steels. This is 
contrary to the notion that hygroscopic- 
ity is important. 

In this connection, a few specimens 
ere blown off the Block Island racks 
by the hurricane of September, 1944. 
After lying in long grass for 10 months 
their weight losses were compared with 
those of identical specimens still in 
position on the racks. In all cases 
their weight losses were greater but not 
markedly so. These specimens were 
wet much longer, especially by dew, 
than those on the racks, and of course 
they were not washed as thoroughly by 
rain. 


Pilling and W. A. Wesley, ““Atmosphe ric Dura- 
Steels ontaining Nickel and C opper,’’ Proceed- 
Am. Soc. Testing Mats., Vol. 40, p. 643 ( 1940). 
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In reply to Mr. Vernon’s specific 
question as regards the procedure fol- 
lowed in removing loose rust, this was 
the crude one of simply scraping the 
specimen with a blunt piece of steel and 
collecting the rust that fell off. Nat- 
urally it was impossible to scrape all 
specimens with the same thoroughness. 
It is felt that this accounts in part for the 
scatter shown in Fig. 6. Since the com- 
position of the rust varied with depth, 
it is probable that the loose rust was not 
completely homogeneous. general 
the loose rust came off in small nodules 
and these probably were not homo- 
geneous throughout. Also the outer 
surface of the specimens was the part 
most subject to contamination. It is 
quite possible that some of the scatter 
may be real because the steels differed 
in composition in other elements than 
nickel and copper. 

Mr. Darrin raises an interesting point 
in connection with fast corroding steel 
No. 44, in that the sulfate content of the 
skyward and groundward rust was 
practically identical. This steel was 
also exceptional in that its 25 day old 
rust contained more sulfate than the 
rust collected at 1, 2, and 3 years. On 
page 574 it was shown that soluble sulfate 
could be extracted from the rust on 
steel No. 44, but on page 559 nosignificant 
difference was found in the sulfate 
content of the rust after a 7-day dry 
spell and after a rainstorm. The be- 
havior of steel No. 44 is probably tied 
in with its high purity, and the absence 
of addition elements likely to affect the 
corrosion products. The important 
point as regards the theory is that steel 
No. 44 had a very high corrosion rate and 
its rust a very low sulfate content. 
Steel No. 44 fits naturally into the curves 
of Fig. 4 and Fig. 6. 

Mr. Leaf’s experience that small 
changes in the compos tion of water in 
contact with steel may greatly affect 
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: _ corrosion rate supports the statement in 
. conclusion 1 that the quality of the 


water contacting the steel surface is 
_ important in atmospheric corrosion. 

The fact that small changes in the silica 
content of the water influenced the 
corrosion may have some bearing on high 

silicon in some complex low alloy steels 
being beneficial in atmospheric cor- 
_rosion. 

Mr. Holler’s idea of defining a unit 
of corrosivity is interesting, but owing 
to the complexity and variety of weather 
many pitfalls would be expected. One 
seemingly insurmountable difficulty is 
the weather affect 


that variations in 


different steels differently. This was 
brought out in the paper in discussing 
Fig. 10. It is certain that relative 
merit ratings of steels would be different 
with exposures started at different times, 
and it is conceivable that there might 
be some minor changes: in _ position. 
What then happens to the unit of cor- 
rosivity? 

Mr. Smith’s reference to edge cor- 
rosion in the Annapolis tests is much 
appreciated. The rest of the discussion 
does not seem to require comment, but 
the author considers all the discussion 
quite pertinent and helpful. 


CORROSION RESISTAN( 


By A. W. Tracy! AND 


THE EFFECT OF THE IRON CONTENT OF CUPRO-NICKEL ON ITS 


‘E IN “SEA WATER” 


HUNGERFORD! 


R. L. 


SYNOPSIS 


Data are given on a laboratory investigation concerning the effect of iron 
additions to cupro-nickels on the corrosion resistance of the alloys exposed to 


sea water” in motion. The “ 
Sheet metal specimens were tested by 
rotated in the test solution and tube s 
mental condenser. 

The extent of corrosion was determine 


uring losses in thickness by means of sharp-pointed micrometers. 


of tube specimens was judged from visua 


sea water’ 


’ was a 3 per cent solution of sea salt. 
attaching to fiber disks which were 
pecimens were placed in an experi- 


d on sheet metal specimens by meas- 
Corrosion 
| examinations. 


The tests showed quite conclusively the effect of iron content in improving : 


the corrosion resistance of cupro-nickels i 


n sea water and indicated that as the 


nickel content of the alloy was decreased, increasing amounts of iron were re- — 


quired for optimum corrosion resistance. 


Copper-nickel alloys are used exten- 
sively in the form of tubes, pipes, and 
plates on shipboard for the construction 
of surface condensers and salt water 
lines, and are finding increased use in oil 
refineries for heat-exchanger tubes. 
Thirty per cent cupro-nickel is used for 
condenser tubes and salt water lines on 
ships of the U. S. Navy, and has been 
considered more corrosion resistant to 
rapidly flowing sea water than the 
copper-nickel alloys lower in nickel.? 

Some work done in England* indi- 
ated that increasing the iron and man- 
ganese content of a 30 per cent cupro- 
nickel likewise increased the resistance 
to corrosion by sea water. It was stated 


Assistant Metallurgist and Laboratory Assistant, re- 
ctively, Technical Dept., The American Brass Co., 
terbury, Conn. 

bi. G. Steel, “Copper and Its Alloys in Wrought 

Metal Progress, Am. Soc. Metals, October, 1943, 

7 

*Cupro-Nickel Condenser Tubes—Effect of Minor 
Constituents (Iron and Manganese), British Non-Ferrous 
Metals Res. Assn., Publication D-31, January, 1939. 
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that as the manganese was increased, 
smaller amounts of iron were required | 


fifth the manganese content should not — 
be less than 0.5 per cent; further, that © 
the manganese should not be less than 
0.25 per cent nor more than 2 per cent, 
and that the iron should be not less | 
than 0.3 per cent nor more than 1 per 
cent. 

LaQue‘ has reported some tests on 
30 per cent cupro-nickel in sea water at 
very low velocity, and confirmed the 
conclusion that substantial additions of 
iron increase corrosion resistance. 


APPARATUS AND METHOD 


An investigation of the effect of iron 
content on the corrosion resistance of 
cupro-nickels in water’ was started 
4F,L. LaQue, 


in Sea Water,’’ Journal, 
No. 53, p. 29 (1941). 


‘*The Behavi ior of Nickel-Copper Alloys 
Am. Soc. Naval Eng., Vol. 1, 
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Brass Co. in October, 1939, with particu- 
lar interest in conditions of severe im- 


pingement corrosion. Tests were made 
in a vertical-shaft impingement tester, 
shown in Figs. 1 and 2, and in a hori- 
zontal-shaft impingement tester, shown 
in Fig. 3. 

Figure 1 is a general view of the verti- 
cal-shaft impingement tester. The 
Everdur tank is 50 in. long by 20 in, 
wide by 24 in. deep, and holds 70 gal. 


Fic. 1.--General View of Vertical Shaft Im- Fie. 3. Construction of Horizontal-Shaft Im- 


pingement Tester. 


ling Sheet Met: 


pingement Tester. 
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Fic. 2.—Method of AttacliN Strips to Fiber Disks on Lower Ends of Shafts. Re 
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of test solution. The shafts rotate at 
322 rpm. 

Figure 2 illustrates the method of 
attaching sheet-metal strips to fiber 
disks on the lower ends of the shafts. 
The velocity of the outer end of a test 
specimen is naturally controlled by the 
length of the specimen, the diameter of 
the disk, and the speed of the shift. 

Each specimen was fastened to the 
disk by two Everdur bolts. The bolts 
and nuts and the portion of the speci- 
men on the disk were protected from 
corrosion by paint or lacquer, which also 
prevented any galvanic effect. A 3 per 
cent solution of Turk’s Island sea salt 
was used for the test solution. This 
sea salt was readily available on the 
market until war-time conditions cut off 
the supply. It has been analyzed as 


follows: 

Sodium chloride, per cent ............. 98.55 

Potassium chloride, per cent ........ . 0.04 

Magnesium chloride, per cent...... _ 0.17 

Magnesium sulfate, per cent........ 0.05 

Calcium sulfate, per cent........... 0.13 

Ammonium chloride, per cent....... . 0.001 
Not determined, per cent ............ 1.06 


The construction of the horizontal- 
shaft impingement tester is shown in 
Fig. 3. This equipment is a mechan- 
ically improved form of the test equip- 
ment described in a discussion of a paper 
by Borgmann and Mears.’ Sheet metal 
specimens were attached to phenol- 
formaldehyde fiber disks on a_ shaft 
rotating at 1060 rpm. partially im- 
mersed in 3 per cent sea salt solution. 
The Everdur bolts and nuts used in 
attaching the specimens were covered 
with paint or lacquer to protect them 
from corrosion and prevent any possible 
galvanic action. As the specimens were 
rotated by the shaft, they were whirled 
into and out of the water, churning 
large volumes of air in the form of 


* Symposium on Corrosion Testing Procedures, Chicago 
Regional Meeting, Am. Soc. Testing Mats., p. 32 (1937). 
Symposium issued as separate publication.) 


tank must be covered to prevent the 
solution from being thrown out. : 

The test specimens were strips 1 in. 
wide by 0.040 to 0.050 in. gage, and of a © 
length varying from 2 to 6 in. to give 
the desired velocity at the outer end of 
the specimens. Most of the alloys tested 
were cast and rolled in the laboratory, 
but a few were from regular mill pro- 
duction. In all cases, the metal strips 
were finished by cold rolling. All sheet- 
metal specimens, after shearing to size 
and drilling support holes, were an- 
nealed at 700C. for 1 hr. and water 
quenched. 

Annealing scales were removed by 
pickling in a cold solution containing 
approximately 5 per cent sodium bi- 
chromate and 15 per cent sulfuric acid 
by weight. In some cases, stubborn 
scales were removed in a cold solution 
containing 50 per cent sulfuric acid and 
50 per cent nitric acid by volume. All 
specimens were finally pickled in cold 
10 per cent sulfuric acid solution (by 
weight) in order to eliminate the possi- 
bility of initial passive films on the 
specimens. Alloys in the form of tubes, 
for test in an experimental condenser, 
to be described later, were obtained from 
the mill. 

The degree of corrosion was deter- 
mined by measuring the thickness of 
specimens ‘before and after test, using 
sharp-pointed micrometers. The figures 
given in this report are one half the 
actual loss in thickness and may be 
considered comparable to the loss in 
wall thickness of a tube being corroded 
from one side only. Points A, B, C, 
and D were arbitrarily selected for meas- 
uring losses in thickness. Measurement 
A was taken ,, in. from the leading 
edge and ,, in. from the outer end. 
Measurement B was taken similarly on 
the trailing edge. Measurement C was 
taken ,), in. from the leading edge and 
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TABLE I.—COMPOSITION OF METALS BY ANALYSIS. 


Iron, 


Manga- 


nese, 
per 
cent 


. 
Other Element 
cunt = per cent 
mcs Phosphorus 0.033 
28.33 | Arsenic 0.004, lead 
0.02, tin 1.06 
28.08 | Arsenic 0.03, lead 
0.01, tin 1.15 
21.46 Arsenic 0.056, 
aluminum 1.98, 
lead 0.01 
0.20 | 0.042 | Lead 0.01 
0.30 0.040 Lead 0.00 
32.73* Lead 0.012, tin 
0.00 
0.023 
0.019 
0.015 
0.006 
| 0.011 
| 0.011 
0.012 
0.004 
0.006 
| 0.006 
0.012 
0.00 
0.17 0.003 Lead 0.004 
0.00 | 
0.008 
0.004 
0.00 


ence | per 

Number cent | cent 
1 Copper 99.960 

Admiralty —plain 70.58 

Admiralty—arsenical 70.71 

oe Aluminum brass 76.42 

ae 30%, cupro-nickel 69.02 | 30.39* 
6.. 30% cupro-nickel, 0.50%, iron 68.09 | 29.92 
7 Special 10% nickel silver 56.61 10.50 
5 30%, cupro-nickel 69.06 | 29.10* 
9.. 30% cupro-nickel, 0.10% iron 69.06 | 30.06* 
10 30%, cupro-nickel, 0.20%, iron 68.94 | 30.08* 
a... 30% cupro-nickel, 0.30% iron 68.96 | 30.01* 
12 30%, cupro-nickel, 0.40% iron 69.39 | 29.40* 
13. 30% cupro-nickel, 0.50% iron 68.80 | 29.91* 
14 30% cupro-nickel, 0.75% iron 68.33 | 30.14* 
$3... 30%, cupro-nickel, 1.00% iron 68.13 | 30.12* 
16 30%, cupro-nickel, 1.25% iron 67.53 30.44* 
17 30% cupro-nickel, 1.50%, iron 67.46 30.25* 
18 30% cupro-nickel, 0.50% iron 69.54 29.94* 
19.. 10%, cupro-nickel 89.73 10.11 
20 10% cupro-nickel, 0.10%, iron 89.55 10.15 
21 10%, cupro-nickel, 0.25% iron 89.52 | 10.03 
22. 10% cupro-nickel, 0.50%, iron 89.16 | 10.13 
23 10% cupro-nickel, 0.75%, iron 88.92 | 10.14 
24 10% cupro-nickel, 1.00% iron 88.75 10.17 
25 10% cupro-nickel, 1.50% iron 88.26 | 10.18 
26 20% cupro-nickel 79.69 | 20.16 
27 20%, cupro-nickel, 0.10%, iron 79.56 | 20.21 
28 20% cupro-nickel, 0.25% iron 79.40 | 20.28 
29 20%, cupro-nickel, 0.50% iron 79.00 20.26 
30 20% cupro-nickel, 0.75% iron 78.80 20.22 
31 20% cupro-nickel, 1.00% iron 78.46 | 20.23 
32 20%, cupro-nickel, 1.50% iron 78.02 | 20.26 
33. 16% cupro-nickel, 0.3°7 iron 89.54 9.90* 
34. 10% cupro-nickel, 0.75% iron 89.21 9 .69* 
35 30% cupro-nickel 69.81 29.91* 
36.. 30% cupro-nickel 68.97 30.36* 
| 30%, cupro-nickel, 0.5% iron 68.73 | 30.02* 
38 30% cupro-nickel, 0.50% iron 69.21 30.01* 
39 2% cupro-nickel | 97.93 1.98 
40 2% cupro-nickel, 0.10% iron | 97.85 2.01 
41 %, cupro-nickel, 0.25%, iron 97.72 1.99 
42 % cupro-nickel, 0.50%, iron 97.44 2.01 
43 % cupro-nickel, 0.75% iron | 97.22 | 1.99 
44 2% cupro-nickel, 1.00%, iron 96.94 2.03 
45 % cupro-nickel, 1.50% iron 96.45 | 2.01 
46 5% cupro-nickel 95.17 | 4.78 
re 5% cupro-nickel, 0.10%, iron 94.79 | 5.01 
48 5% cupro-nickel, 0.25%, iron 94.80 | 4.92 
49.. | 5% cupro-nickel, 0.50%, iron 94.54 | 4.92 
50 5% cupro-nickel, 0.75% iron 94.14 4.98 
51. % cupro-nickel, 1.00% iron 93.94 5.03 
52 5% cupro-nickel, 1.50% iron 93.43 5.04 
53 Copper 

Copper, 0.87% iron 


| 
cent ent 
0.01 | 
0.02 
0.07 $9 
0.05 0.29 
0.45 1.20 
0.09 0.06 
il 
0.057 | 0.76 ; 
0.10 | 0.76 dis} 
0.20 0.77 larl 
0.28 0.74 
0.43 0.77 
0.50 | 0.78 me: 
0.76 0.76 
0.99 | 0.76 me 
1.26 0.76 Was 
1.52 0.76 " 
0.51 | 0.00 | 
0.003 0.19 | an¢ 
O.11 0.19 of 
0.26 0.19 
0.51 | 0.18 
0.77 0.18 
1.04 | 0.20 
1.52 | 0.19 
0.004 | 0.28 
0.11 | 0.28 
0.26 | 0.28 
0.50 0.28 
0.76 0.28 
1.00 0.28 
1.50 | 0.28 
0.29 0.27 
0.80 0.12 
0.01 | 0.27 
0.04 | 0.62 
0.48 0.77 
0.51 0.27 
0.005 0.08 
0.097 | 0.086 
0.25 0.08 
0.50 0.075 
0.75 | 0.09 
1.52 0.09 
0.005 0.077 
0.098 0.09 
0.26 0.09 
0.49 0.09 Ans 
0.76 0.094 
1.00 0.095 Ma 
1.49 0.07 
0.003 0.088 
0.87 | 0.09 | ... 
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TABLE I.—Continued 


Analysis 
Refer- 


ence A 


Nickel, 


Other Elements, 7 
per cent 


30% cupro-nickel 

30% cupro-nickel, 0.50% iron 
10% cupro-nickel 
Admiralty—arsenical 


68.05 
| 89.45 
70.99 


Aluminum brass 76.94 


Lead 0.00 


arsenic 0.032 
Lead 0.005, 

aluminum 1.94, 

arsenic 0.04 


* By difference. 


t in. from the edge of the supporting 


disk. Measurement D was taken simi- 
larly on the trailing edge. 

The maximum loss in thickness (also 
measured) was usually the same as 
measurement A, but in a few instances 
was nearer the center of rotation. 

Test-run Nos. 12, 24, 25, 27, 28, 29, 
and 32 gave data pertinent to the effect 
of iron on the corrosion resistance of 
copper-nickel alloys. 

— 


Arsenical 
Admiralty 
3 


Copper Admiralty 
Analysis Reference No. 1 2 


Max. Depth of Corrosion, 
n 0.022 0.000 


0.000 


TESTS ON VERTICAL-SHAFT IMPINGEMENT 
TESTER 


Run No. 12—Preliminary: 


Duplicate specimens of copper, plain 
admiralty, arsenical admiralty, alumi-_ 
num brass, 30 per cent cupro-nickel with 
low iron, 30 per cent cupro-nickel with 
0.45 per cent iron, and a special 10 per 
cent nickel silver were tested on the 
vertical-shaft impingement tester for 6 
weeks at a peripheral velocity of 8 ft. 


30% Cupro- 30% Cupro 
Nickel Nickel 
0.05%, Fe 0.45% Fe 
0.29% Mn 1.20% Mn 


Aluminun 
Brass 


Special 10% 
Nickel 
Silver 


4 5 6 7 


0.007 0.025 0.000 0.010 


Fic. 4.—Test on Vertical Shaft Impingement Tester—Run No. 12. 


_ 3 per cent sea salt solution, room temperature. 
Leading edge of specimen on left. 


Peripheral velocity 8 ft. per sec. 


Duration of test = 26 weeks. 


Lead 0.02, tin 1. 2 


Cop- Manga- Total “4 
its, per, | Iron, | “nese, | |Carbon, 
per per per per Per pel 
= cent cent cent cent cent cen 
033 29.72* | 0.07 | 0.22 | 0.00 = 
0.45 | 1.25 | 030 | 
6 57 10.27 | 0.05 0.23 0 : 
lead | 0.01 427.93 
5 
| | 
n 
%y 


— 


per sec. This particular test was made 
in a crude predecessor of the apparatus 
shown in Figs. 1 and 2. 


TABLE I, 
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The photograph and the data indicate 
the relatively poor resistance of copper 
to impingement corrosion and the good 


TEST ON VERTICAL-SHAFT IMPINGEMENT TESTER—RUN NO. 12 AT 8 FT. PER SEC. FOR 


26 WEEKS, ROOM TEMPERATURE. 


Anal- Penetration, in. 
ysis 
rence. | paint | | | Maxi- 
J 
Number ‘A B ’ D mum 
1 0.017. 0.012 0.011 0.011 0.017 | No visible film 
0.022 | 0.012 | 0.010 | 0.007 | 0.022 = 
2 0.000 | 0.000 | 0.000 0.000 0.000 | Green film 
0.000 | 0.000 | 0.000 | 0.000 | 0.000 “| 
| 0.000 0.000 | 0.000 0.000 | 6.000 | Green film 
| 0.000 | 0,000 | 0.000 | 0.000 | 0.000 4 
eerie 4 0.000 | 0.000 | 0.002 | 0.000 | 0.010 | Thin green film except 


Special 10% nickel silver. ......... 7 0.008 0.000 
0.006 


0.010 


0.007 0.900 


30% cupro-nickel 5 0.025 0.000 
0.025 0.000 
30% cupro-nickel, 0.50% iron...... 6 0.000 — 0.000 


0.000 0.000 


0.000 0.000 | 0.007 pitted areas 
0.000 | 0.000 | 0.025 | Thin green film 
0.900 0.000 0.025 
0.000 0.000 0.001 
0.000 0.000 0.000 | 


Dark green film 


0.091 0.000 0.008 
0.001 0.000 0.010 


Gray-green film 


At points A and B ('% in. from outer edge) velocity = $ ft. per sec. 
At points C and D (1% in. from supporting disk) velocity = 4 ft. per sec. 
Points A and C on leading edge. 


Points B and D on trailing edge. 


TABLE II. 30 PER CENT CUPRO-NICKEL TEST ON VERTICAL-SHAFT IMPINGEMENT TESTER—RUN 
NO 


). 25 AT 20 FT. PER SEC. FOR 


12 WEEKS, ROOM TEMPERATURE, 


Anal- Penetration, in. 
ysis 
Analysis At At At At Remarks 
Point Point | Point | Point 
Number, “4 B C D mum 
30% cupro-nickel, 0.06% iron... ... 8 0.014 0.006 | 0.006 | 0.001 | 0.016 | Gray-green film near low 
velocity end of specimen 
30% cupro nickel, 0.10% iron..... 9 0.008 0.002 | 0.001 0.000 0.011 | Gray film 
30% cupro-nickel, 0.20% iron..... 10 0.005 | 0.001 | 0.002 | 0.000 | 0,006 | | 
30% cupro-nickel, 0.30% iron. .... 11 0.004 0.001 0.000 0.000 0.004 
30% cupro-nickel, 0.40% iron... 12 0.002 | 0.000 | 0.001 | 0.000 | 0.003 | » Gray film with some green 
30% cupro-nickel, 0.50% iron... 13 0.002 0.001 | 0.000 | 0.000 | 0.003 
30% cupro-nicael, 0.75% iron..... 14 0.002 0.001 0.000 0.000 0.003 
30% cupro-nicael, 1.00% iron..... 15 0.001 0.001 | 0.000 | 0.000 | 0.001 
30% cupro-nicnel, 1.25% iron...... 16 0.001 0.000 | 0.001 | 0.000 | 0.001 
30% cupro-nickel, 1.50% iron .... 17 0.001 | 0.000 | 0.000 | 0.000 — 0.001 Thin greenish film 
30% cupro-nickel, 0.50% iron, 
0% manganese See Set 18 0.001 0.001 | 0.000 | 0.000 | 0,002 | 

30% cupro-nicnel, 0.50% iron, 


1.20% manganese 6 
30% cupro-nickel, 0.05% iron, 
mill stock... 


At points A and B ( ‘4 in. from outer edge) velocity = 20 ft. per sec. 


0.001 0.000 


0.010 0.000 


Light green film with dark 


0.000 | 0.000 + 0.002 green at leading edge 
Dark green except near low 
0.001 | 0.000 | 0.013 velocity end of specimen 


At points C and D ( }y in. from supporting disk) velocity = 12 ft. per sec. 
Points A and C on leading edge. 
Points B and D on trailing edge. 


The condition of the tested specimens 
is illustrated in Fig. 4. The numbers on 
the line designated ‘“‘analysis reference 
number” refer to the numbered analyses 
in Table I. The losses in thickness are 
given in Table II and the maximum 
losses are shown in Fig. 13. 


resistance of admiralty and aluminum 
brass in this test. The improvement in 
resistance to impingement corrosion of 
the 30 per cent cupro-nickel with 0.45 
per cent iron is outstanding. The special 
10 per cent nickel silver showed fair 
resistance to impingement corrosion. 


Run 
Se 
Sin 

nicke 

and a 


| 
an 
the 


Run No. 25—30 per cent Cupro-Nickel 


“ate 
Series: 
)per 
ood Single specimens of 30 per cent cupro- 
nickel containing up to 1.5 per cent iron 
. and a short series with 0.50 per cent iron 
pt in 
per cent 
ganese, per cent . 
ysis Reference No.. 10 
Depth of Corrosion, 
0.016 0.011 
RUN 
) 
low 7 
men 
» 
green 
, per cent rom 
ganese, per cent...... 
dark 
4 lysis Reference No.... 
ir low 
men lax. Depth of Corrosion, : 
. 0.001 0.001 
} per cent sea salt solution, room temperature. 
ling edge on left. 
m 
“ ind varying manganese content were 
in 4 
: ; included in this test. The test was made 
A 
ai ita peripheral velocity of 20 ft. per sec. 
“al ind ran for 12 weeks. Figure 5 shows 
r “ the condition of the specimens at the 
a 
end of the test. Data giving measure- 
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0.20 
0.77 


0.006 


. 5.—30 per cent Cupro-Nickel Series on Vertical Shaft Impingement Tester 
Peripheral velocity 20 ft. per sec. 


ments of losses in thickness are given in 
Table III, and the maximum losses in 
thickness are plotted in Fig. 14. The 
beneficial effect of the increasing iron 
additions was definite. 


Good resistance 


0.004 0.003 0.003 0.003 


0.001 0.002 


0.002 


0.013 
-Run No. 


Duration of test = 12 al 


to impingement was established at about 


0.30 per cent iron; iron up to 1 per cent 
produced increased resistance, with little 
change up to 1.5 per cent iron. The 
specimens with 0.5 per cent iron and © 
0, 0.75, and 1.20 per cent manganese 


0.28 0.43 0.50 0.76 
0.74 0.74 0.78 0.76 f 
1 
CO] Cat) 
' 
1.52 0.51 0.4 0.0 
0.76 0.00 1.20 0.2 
Zinc 0.30 0.20 
‘ 
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CoRROSION OF CuUPRO-NICKEL IN SEA WATER 


indicated that, within limits, manganese cent zinc. Likewise, comparing No. 6— 
appears to be without significant effect and No. 12 it can be seen that 0.30 per 


TABLE IV.—10 AND 20 PER CENT CUPRO-NICKELS TEST ON VERTICAL-SHAFT IMPINGEMENT TESTER : 
RUN 


NO. 24 AT 20 FT. PER SEC. FOR 10 WEEKS, ROOM TEMPERATURE. 
| 
Ana*- Penetration, in. 
— At At At At Maxi Remarks 
- } Point | Point | Point | Point i 
Number A B D mum 
>o05 cupro-nickel, 0% iron.........| 19 | 0.009 | 0.005 | 0.006 | 0.004 | 0.009 
ss 0.008 | 0.004 | 0.005 | 0.003 | 0.008 | { Ne visible film 
FH 10% cupro-nickel, 0.1% iron...... 20 0.007 | 0.005 | 0.005 | 0.001 | 0.007 | Patch of green film near — 
f 0.009 | 0.004 | 0.008 | 0.001 | 0.008 low velocity end of spec- 
imen 
Am? F 10% cupro-nickel, 0.25% iron..... 21 0.006 | 0.002 | 0.003 | 0.001 | 0.006 | } 
2 0.008 | 0.002 | 0.002 | 0.001 | 0.008 | Triangle of green film reach- 
ing out from low velocity 
2 10% cupro-nickel, 0.50% iron ..... 22 0.005 | 0.000 | 0.001 | 0.000 | 0.005 end of specimen 3 
2 : 0.006 | 0.000 | 0.001 | 0.000 | 0.006 
axe % 10% cupro-nickel, 0.75% iron...... 23 0.004 | 0.000 | 0.001 | 0.000 | 0.004 Slightly greater portion — 
s 0.004 | 0.000 | 0.000 | 0.000 | 0.004 filmed over 
E 10% cupro-nickel, 1.00% iron...... 24 0.004 | 0.000 | 0.001 | 0.000 | 0.004 Green film except just in — 
zs 0.000 | 0.000 | 0.000 | 0.000 | 0.000 back of leading edge 
Ree = 0% cupro-nickel, 1.50% iron...... 25 0.003 | 0.000 | 0.001 | 0.000 | 0.003 | | Dark green film except cor- 
v 0.004 | 0.000 | 0.000 | 0.000 | 0.004 roded streak in back of 
f leading edge 
» t , cupro-nickel, 0% iron......... 26 0.010 | 0.006 | 0.008 | 0.005 | 0.010 as 
0.010 | 0.006 | 0.008 | 0.005 | 0.010 | Ne visible film 
Sa” § cupro-nickel, 0.10% iron...... 27 0.009 | 0.004 | 0.005 | 0.001 | 0.009 Small patch of green near 
1 0.010 | 0.004 | 0.005 | 0.000 | 0.010 low velocity end of spec- 
imens 
> 
g U8 Gs , cupro-nickel, 0.25% iron...... 28 0.007 | 0.001 | 0.001 | 0.000 | 0.007 | } 
ons % 0.007 0.001 0.001 0.000 0.007 
an a 
Large triangle of green film 
7 20% cupro-nickel, 0.50% iron... 29 reaching out from low 
2 = 20% cupro-nickel, 0.75% iron . 30 0.002 | 0.001 | 0.001 | 0.000 | 0.002 
© SF 0.004 | 0.000 | 0.000 | 0.000 | 0.004 
SN <8 0% cupro-nickel, 1.00% iron... 31 | 0.002 | 0.000 | 0.001 | 0.000 | 0.002 | \ Green film except just in 
6 0.096 | 0.001 | 0.000 | 0.000 | 0,006 | { back of leading edge 
D 0% cupro-nickel, 1.50% iron..... 32 0.002 | 0.000 | 0.000 | 9.000 | 0.002 Almost entirely covered 
» £3 0.002 | 0.000 | 0.000 | 0.000 | 0.002 with green film 
x 
Seg - } cupro-nickel, 0.04% iron.... 13 0.012 | 0.006 | 0.007 | 0.000 | 0.012 | } Small area of green film 
ee 0.012 | 0.006 | 0.008 | 0.001 | 0.012 | } near low velocity end of 
J specimens 
a" i, cupro-nickel, 0.50% iron. .... 14 0.004 | 0.000 | 0.000 | 0.000 | 0.004 Triangle of green over one 
a | 0.006 | 0.000 | 0.001 | 0.000 | 0.006 half of specimens 
= 54é ‘ At Points A and B (‘'y in. from outer edge) velocity = 20 ft. per sec. 
oof & At Points C and D ('% in. from supporting disk) velocity = 12 ft. per sec. 7 
oR Bee Points A and C on leading edge. 
Points B and D on trailing edge. 
E458 on the impingement corrosion of these cent zinc had no significant effect on the 
35 alloys. impingement resistance of 70-30 cupro- 


The presence of 0.20 per cent zinc in _ nickel with 0.5 per cent iron. 
3) per cent cupro-nickel free from iron 
had no significant effect on the corrosion 
rate as can be seen in Fig. 5 by com- 
paring No. 8, which was free from zinc, A series of duplicate specimens of 10 
and No. 5 which contained 0.20 per and 20 per cent cupro-nickels with iron 


= 


Run No. 24—10 and 20 per cent Cupro- 
Nickel Series: 


7 


600 AND HUNGERFORD 


contents ranging up to 1.5 per cent was 
compared with two 30 per cent cupro- 
nickel specimens; one substantially free 
from iron, and the other with 0.5 per 
cent iron. The manganese content was 


Iron, per cent 0.003 0.51 
Manganese, per cent.......... 0.19 0.18 
Nom. Nickel, per cent........ 10 10 
- Analysis Reference No. 19 22 

‘ Max. Depth of Corrosion, in. 0.008 0.006 


0.80 0.80 
Manganese, per cent......... 0.12 0.12 
Nom. Nickel, per cent........ 10 a 

Analysis Reference No........ 34 34 

= d Max. Depth of Corrosion, in. . 0.005 0.004 


_ Fic. 7.—10 and 30 per cent Cupro-Nickel Series on Vertical Shaft Impingement Tester 


prepared, were cast and rolled in the 
laboratory. The losses in thickness in 
this test were lower than those in the 
test previously described, as the duration 
of the test was shorter. 


0.77 1.04 
0.18 0.20 
10 10 
23 24 
0.008 0.004 


{ 
30 30 30 300 


35 36 37 38 
0.012 0.010 0.004 0.003 


Run No. 27. 


er cent sea salt solution, room temperature. Peripheral velocity 26 ft. per sec. Duration of test = 8 weeks. Lead- 


ing on left. 


‘maintained at about 0.2 per cent for the 
10 per cent cupro-nickels, and 0.3 per 
cent for the 20 per cent cupro-nickels to 
obtain sound bars in casting. All the 
bars, from which these specimens were 


The results of the test are given in 
Table IV and Fig. 15. Figure 6 shows 
the condition of the 10 per cent cupro- 
nickel specimens compared to 30 per 


cent cupro-nickels with and without iron. 
with and 
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It is evident that about 0.5 per cent iron 
was required to reduce definitely the 
impingement corrosion of 10 per cent 
cupro-nickel and that 0.75 to 1 per cent 


TABLE V.—10 AND 30 PER CENT ( Comp NICKELS TEST ON VERTICAL-SHAFT IMPINGEMENT TESTER— 
RUN NO. 27 AT 2 . PER SEC. FOR 8 WEEKS, ROOM TEMPERATURE. 
Anal- Penetration, in. 
ysis 
— At At | At At Maxi- — 
Point | Point | Point | Point 
Number A B 
cupro-nickel, 0% iron......... 19 0.908 | 0.004 | 0.008 | 0.006 0.008 
0.008 0.005 0.008 0.006 0.008 
No visible film 
cupro-nickel, 0.50% iron...... 22 0.006 | 0.001 | 0.001 | 0.000 | 0.006 [ 
0.006 0.001 0.002 0.000 0.006 J 
cupro-nickel, 0.75% iron...... 23 0.004 | 0.000 | 0.002 | 0.000 | 0.006 Small area of faint green 
0.005 | 0.001 | 0.001 | 0.000 | 0.008 film near low velocity 
end of specimens 
cupro-nickel, 1.00% iron...... 24 0.002 | 0.000 | 0.001 | 0.000 | 0.003 : os 
0.004 | 0.000 | 0.000 | 0.000 | 0.004 No perceptible film 
10% cupro-nickel, 0. eebe iron, 33 0.009 | 0.003 | 0.002 | 0.001 | 0.010 Traces of green film near 
nill stock ceaek low velocity end of spec- 
imens 
10% cupro-nickel, 0.80% iron, 34 0.004 | 0.000 | 0.001 | 0.000 | 0.008 
eee ee 0.004 | 0.001 | 0.000 | 0.000 | 0.004 
cupro-nickel, 0.80% iron 34 0.004 | 0.000 | 0.001 | 0.000 | 0.004 ce 
tube extruded............. A 0.004 | 0.001 | 0.001 | 0.000 | 0.005 No visible film 
10%, cupro-nickel, 0.80% iron, 
tube pierced, unannealed........ 34 0.004 | 0.000 | 0.001 | 0.000 | 0.004 
A cupro nickel, 0.01% iron, Triangle of dark green near— | 
0.27% manganese............+-- 35 0.010 | 0.007 | 0.008 | 0.000 | 0.012 low velocity end covering — 
one third of area ( 
% cupro-nickel, 0.04% iron, Dark green —_ just be- 
).62% manganese.............. 36 0.008 | 0.000 | 0.003 | 0.000 | 0.010 | hind leading ec 
30%, cupro-nickel, 0.50% iron,. 37 0.001 | 0.000 | 0.000 | 0.000 | 0.002 | | 
7707 
Be ee ee 0.002 | 0.000 | 0.001 0.000 | 0.004 Light green except just 
% cupro-nickel, 0.50%, iron, behind leading edge 
.27% manganese........... 38 =| 0.003 | 0.001 | 0.001 | 0.000 | 0.003 


At points A and B (% in. from outer 


iron was quite effective. At 1.5 per cent, 
the good effect of iron was maintained. 
The data indicate that 30 per cent 
cupro-nickel without iron was corroded 
to a greater extent than 10 per cent 
cupro-nickel without iron. This ap- 
parent anomaly was not confirmed by 
tests in an experimental condenser nor 
with results obtained with the horizontal- 
shaft impingement tester, which will be 
discussed later. 

The 20 per cent cupro-nickel series 
showed improved impingement resistance 
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At points C and D (' in. from supporting disk) velocity = 18 ft. per sec. 
Points A and C on leading edge. 
Points B and D on trailing edge. 
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as the iron content was increased. The 
results are shown in Table IV and Fig. 
15 and the condition of specimens shown 
in Fig. 6. 


edge) velocity = 26 ft. per sec. 


Run No. 27—-10 and 30 per cent Cupro- 

Nickel Series: 

Run No. 27 was made at a peripheral 
velocity of 26 ft. per sec. for 8 weeks on 
specimens of 10 and 30 per cent cupro- 
nickels in duplicate. The composition 
and final condition of the specimens are 
given in Fig. 7. Data on loss-in-thick- 
ness measurements are given in Table V. 
The maximum depths of corrosion are 
given in Fig. 16. In this test, the effect 
of iron on the corrosion resistance of 
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10 per cent cupro-nickel was not very 
consistent, but special attention is drawn 
to the specimens designated as No. 34, 
Fig. 7. These strips were made by 
splitting 3-in. outside diameter by 0.049- 
in. gage tubes longitudinally and flat- 
tening. The first specimen No. 34 was 
taken from a tube made by piercing on 
the Mannesmann machine, rolling, and 


10% cupro-nickel, 0% iron......... 19 0.005 | 0.000 
0.004 | 0.000 


10% cupro-nickel, 0.50% iron...... 22 0.000 | 0.000 
0.000 0.000 


10% cupro-nickel, 0.75% iron...... 23 0.000 | 0.000 
0.000 0.000 


10% cupro-nickel, 1.00% iron...... 24 0.000 | 0.000 
0.000 0.000 


10%, cupro-nickel, 0. 80% iron, 34 0.000 | 0.000 
0.000 | 0.000 
10% cupro-nickel, 0.80% iron, 34 0.000 | 0.000 
tube extruded 0.000 | 0.000 


3% cupro-nickel, 0.01% iron, 
0.27% manganese............... 35 0.000 | 0.000 


% cupro-nickel, 0.04%, iron, 
0.62% manganese. . wR 36 0.000 | 0.000 


30% cupro-nickel, 0.50% iron, 
37 0.000 | 0.000 


30% cupro- nickel, 0.50% iron, 
0.27% manganese..... ee 38 0.000 0.000 


At points A and B ('¢ i in. from outer 


iat Points A and C o 


drawing. ‘The second specimen No. 34 
was taken from a tube made by extrud- 
ing, rolling, and drawing. As previously 
mentioned, the tests were ordinarily 
made on specimens annealed for 1 hr. 
at 700 C. prior to testing. The third 
specimen No. 34 was made by splitting 
a hard-drawn tube longitudinally and 
flattening to form a sheet specimen with- 
out annealing. There was no significant 
difference in corrosion resistance between 
hard and annealed specimens, nor was 
7 there any significant difference in cor- 
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rosion due to the two methods of fabri- 
cation. In Fig. 7, specimen No, 33 
(10 per cent cupro-nickel, 0.29 per cent 
iron, and 0.27 per cent manganese) was 
taken from a lot of sheet metal made in 
the mill. Apparently 0.29 per cent iron 
in 10 per cent cupro-nickel was not suff- 
cient to give outstanding resistance to 
impingement corrosion. 


TABLE VI.—10 AND 30 PER CENT CUPRO-NICKELS TEST ON HORIZONTAL-SHAFT IMPINGEMENT 
TESTER—RUN NO. 28 AT 48 FT. PER SEC. FOR 8 WEEKS AT 100 F. 


Anal- | Penetration, in. 
ysis |__ 
At | pit | Maxi Remarks 
oint oint oint Point | 
Number a B C D mum 


0.000 0.000 0.010 
0.000 0.000 0.010 ’ 


0.000 0.000 0.003 
0.000 0.000 0.004 


0.000 0.000 0.000 
0.000 0.000 0.000 


Slight brownish film 
0.000 0.000 0.000 * 
0.000 0.000 0.000 
0.000 0.000 0.001 
0.000 0.000 0.000 


0.000 0.000 0.000 
0.000 C.000 0.005 


0.000 | 0.000 | 0.000 | Thin, light green film 
0.000 | 0.000 | 0.001 | Thin, dark green film. 


0.000 | 0.000 | 0.000 


Thin, greenish film 
0.000 | 0.000 | 0.000 | 


edge) velocity = 48 ft. per sec. 


At points C and D (‘ in. from supporting disk) velocity = 22 ft. per sec. 


n leading edge. 


Points B and D on trailing edge. 


The good effect of the iron content of 
30 per cent cupro-nickel on its resistance 
to impingement corrosion is — ap- 
parent from the study of Fig. 7, Table V, 
or Fig. 16. The data also battens that 
the manganese content is not critical in 
relation to the corrosion resistance of 
the alloy. 


Run No. 29-2 and 5 per cent Cupro- 
Nickel Series: 


In view of the excellent resistance of 
10 per cent cupro-nickel containing sub- 
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Iron, per cent.... 10 ). 50 1.01 1.52 
Manganese, 


0.08 0.09 0 .08 0.08 0.09 0.08 0.09 0.18 
Nom. Nickel, 
ee 2 2 2 2 2 2 2 10 


Analysis Refer- 
39 40 


Max. Depth of 


Corrosion, in........ 0.009 0.009 0.008 0.008 0.007 0.007 0.007 0.005 


“10 per cent cupro-nickel for comparison. 


n, per cent... 0.005 0.76 91.4 


Tro 
Manganese 

per cent 0.08 0.09 0.09 0.09 0.09 0.10 0.07 0.76 

per cent eee 5 5 5 5 5 5 5 50 


Analysis Refer- 
ence No.... . 46 47 48 49 50 51 52 8 


Max. Depth of 
Corrosion, in..... 0.008 0.008 0.008 0.006 0.007 0.005 0.005 0.009 


© 30 per cent cupro-nickel for comparison. 


Fic. 9.—2 and 5 per cent Cupro-Nickel Series on Vertical Shaft Impingement Tester—Run No. 29. 
3 per cent sea salt solution, room temperature. Peripheral velocity 20 ft. per sec. Duration of test = 4 weeks. 


q Leading edge on left. 
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weeks. 


stantial amounts ol iron, tests were made 
to determine the effect of iron in amounts 
up to 13 per cent on the corrosion resist- 
ance of the 2 per cent and 5 per cent 
cupro-nickels when exposed to sea-salt 
solution at high velocity. For compari- 
son, a 10 per cent cupro-nickel contain- 
ing 0.75 per cent iron and a 30 per cent 
cupro-nickel substantially free from iron 
were included. The test was made with 
one specimen of each alloy on the verti- 
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Run No. 32—Copper, 2, 5, 10, 20, and 
30 per cent Cupro-Nickels: 


In order to have a direct comparison | 
of the effect of iron on the several copper- 
nickel alloys, a test was made on the 
vertical-shaft impingement tester on the 
following series using one specimen of 
each metal or alloy: 


RUN NO. 29 AT 20 FT. PER SEC. FOR 4 WEEKS, ROOM TEMPERATU 


Copper, no added iron and 0.87 per 
i i- cent iron. 
TABLE VII_—2 AND 5 PER CENT CUPRO-NICKELS TEST ON VERTICAL-SHAFT IMPINGEMENT TESTER 


Anal- | Penetration, in. 
ysis 
Refer- iat # A | Maxi- Remarks 
Point | Point | Point Point 
umber A B | cC D 
-upro- nickel, 0% iron 39 0.009 | 0.004 | 0.004 0.003 0.009 
upro-nic kel, 0.10% iron....... 40 0.009 | 0.004 | 0.004 | 0 004 | 0.009 No visible film 
upro-nickel, 0.25% iron....... 41 0.008 | 0.003 | 0.004 | 0.002 | 0.008 
upro-nickel, 0.50% iron....... 42 0.008 | 0.007 | 0.002 | 0.000 0.008 } Traces of greenish film on 
upro-nickel, 0. 75% iron......_ 43 | 0.007 | 0.002 | 0.002 | 0.000 | 0.007 two thirds of area 
cupro-nickel, 1.00% iron....... 44 0.007 | 0.002 | 0.002 | 0.009 |. 0.007 | Traces of greenish film near 
low velocity end of epec- 
imen 
cupro-nickel, 1.50% iron....... 45 0.007 | 0.001 | 0.003 | 0.001 | 0.007 | Thin, almost black film on 
. one half of area 
cupro-nickel, 0% iron case nae 46 0.008 | 0.004 | 0.005 | 0.002 | 0.00 sos a 
rupee. nickel, 0.10% iron....... 47 | 0.008 | 0.004 | 0.005 | 0.003 | 0.008 | } No visible film 
cupro- nickel, 0.25% iron....... 48 0.008 | 0.004 | 0.003 | 0.001 | 0.008 races of greenish film 
cupro-nickel, 0.50% iron....... 49 0.006 | 0.002 | 0.001 | 0.000 | 0.006 | Triangle of thin, grayish film 
out from low ‘velocity end 
covering one third of area 
cupro-nickel, 0.75% iron...... 50 0.007 | 0.002 | 0.000 | 0.000 | 0.007 -r film on three quarters 
| of area 
cupro-nickel, 1.00% iron....... 51 0.005 | 0.001 | 0.001 | 0.000 0.005 | Brown film except just in 
| back of leading edge 
cupro-nickel, 1.50% iron....... 52 0.005 | 0.001 | 0.001 | 0.001 | 0.006 | Dark brown film except just 
| in back of leading edge 
, cupro-nickel, 0.75% iron...... 23 0.005 | 0.001 | 0.001 | 0.000 | 0.005 | Thin brown film except just — 
} in back of leading edge 
, cupro-nickel, 0.06% iron...... fs) 0.009 | 0.006 | 0.006 | 0.004 | 0.009 | No visible film 


At Points A and B (‘% in. from outer edge) velocity = 20 ft. per sec. 


At Points C and D ('¢ in. from sup 


Points A and C 


porting disk) velocity = 12 ft. per sec. 
on leading edge. 


Points B and D on trailing edge. 


cal-shaft impingement tester and the 
specimens had a peripheral velocity of 
20 ft. per sec. The test was run for 
only 4 weeks. The results of this test 
are shown in Table VII, Figs. 9 and 
18. 

The addition of iron up to 1.5 per cent 
to the 2 per cent and 5 per cent cupro- 
nickels has only slightly reduced the 
maximum thinning, but has tended to 
reduce the average over-all corrosion. 
More definite results might have been 
obtained in a longer test. 


2 per cent cupro-nickel, no added iron, 
0.75 per cent iron, and 1.01 per cent io 

5 per cent cupro-nickel, no added iron, 
0.75 per cent iron, and 1.00 per cent 
iron. 

10 per cent cupro-nickel, no added iron 
and 0.77 per cent iron. 

20 per cent cupro-nickel, no added iron 
and 0.77 per cent iron. 

30 per cent cupro-nickel, no added iron 
and 0.50 per cent iron. 

Specimens in this test were 2 by 1 by 
0.040 in. and had a maximum velocity 


0.77" 
0.18 
10 
23 
0.06" 
0.76 
y 


Iron, per cent 
Manganese, per cent 
Nom. Nickel, per cent 


Analysis Reference No. 


Depth of 


Corrosion, in........ 


Iron, per cent 


Manganese, per cent 
Nom. Nickel, per cent. 


Max. Depth of 
Corrosion, in. 


Fic. 10. 


Leading edge on left. 


TABLE VIII. 


Analysis Reference No. 


Copper, 2, 5, 10, 20, and 30 per cent Cupro-Nickels on Vertical Shaft Impingement Tester 


3 per cent sea salt solution, room temperature. 


COPPER, 2, 5, 
PINGEMENT TESTER 


0.005 


>» 


1.00 0.093 0.77 0.093 0.05 0.50 
0.10 0.19 0.18 0.28 0.2 0.76 0.78 
i 10 10 20 20 30 30) 
- = 19 23 26 30 8 13 
0.002 0.004 0.003 0.005 0.000 0.006 0.000 


Run No. 32. 


Peripheral velocity 10 ft. per sec. Duration of test = 8 weeks. 


10, 20, AND 30 PER CENT CUPRO-NICKELS TEST ON VERTICAL-SHAFT IM- 
RUN NO. 32 AT 10 FT. PER SEC. FOR 8 WEEKS, ROOM TEMPERATURE. 


At Points C and D ( ‘y in. from supporting disk) velocity = 8 ft. per sec. 


Anal- Penetration, in. 
pat pat pat pat Remarks 
oin oin oint oint | 
Number, A B C D mum 
— Copper 0%, iron ae ere 53 0.005 | 0.003 | 0.004 | 0.001 | 0.005 | No visible film 
q Copper 0.87% iron................ 54 0.005 | 0.003 | 0.004 | 0.002 | 0.005 | Blackened with trace of green 
film near low velocity end 
2% cupro-nickel, 0% iron ion 39 0.005 | 0.002 | 0.003 | 0.002 | 0.005 | No visible film ; 
‘% cupro-nickel, 0.75% iron. ..... 43 0.004 | 0.001 | 0.002 | 0.001 | 0.004 | Discontinuous greenish film 
except back of leading edge 
2% cupro-nickel, 1.00% iron.......| 44 0.004 | 0.000 | 0.001 | 0.000 | 0.005 | Green film except just back 
of leading edge 
5%, cupro-nickel, 0% iron Pas 46 0.005 | 0.002 | 0.003 | 0.002 | 0.005 No visible film 
5% cupro-nickel, 0.75% iron...... 50 0.004 | 0.000 | 0.001 0.000 | 0.004 | Thin, light green film except 
just back of leading edge 
5% cupro-nickel, 1.00% iron....... 51 0.002 | 0.000 | 0.001 | 0.000 | 0.002 | Dark gray-green film except 
} just back of leading edge 
_ 10% cupro-nickel, 0% iron......... 19 0.004 | 0.002 | 0.003 | 0.002 | 0.004 | No visible film 
10%, cupro-nickel, 0.75% iron...... 23 0.002 | 0.001 0.000 | 0.000 | 0.003 | Light green film 
20% cupro-nickel, 0%, iron a a: 0.006 | 0.003 | 0.004 | 0.003 | 0.006 | No visibie tlm 
20%, cupro-nickel, 0.75% iron ; 30 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | Light green film 
30% cupro-nickel, 0.06% iron...... - 0.006 | 0.004 | 0.005 | 0.003 | 0.006 | No visible film 
30% cupro-nickel, 0.50%, iron..... 13 0.000 | 0.000 | 0.000 | 0.000 | 0,000 | Bright green film 


At Points A and B ( ‘4 in. from outer edge) velocity = 10 ft. per sec. 
if 


Points A and C on leading edge. 


Points B and D on trailing edge. 
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of 10 ft. per sec. The duration of the 
test was 8 weeks. ‘The results are given 
in Table VIII, Figs. 10 and 19. In this 
test the resistance of copper to impinge- 
ment type of corrosion in sea water was 
not affected by 0.87 per cent iron. In 
general, iron additions had an increasing 


effect on corrosion resistance as the 
nickel content was increased. 


Tests ON HORIZONTAL-SHAFT IMPINGE- 
MENT TESTER 
Run No. 28—10 and 30 per cent Cupro- 
Nickel Series: 
Run No. 28 was made on the hori- 
zontal-shaft impingement tester shown 


in Fig. 3. The peripheral velocity of the 
specimens was 48 ft. per sec., and the 
duration of the test was 8 weeks. As 
stated previously, the sea-salt solution in 
this testing apparatus was whipped full 
of air bubbles as the specimens whirled 
in and out of the solution. The condi- 
tion of the tested specimens is shown in 
Fig. 8. The individual thickness meas- 
urements are given in Table VI and the 
maximum depths of corrosion are shown 
inFig.17. The rapid corrosion of 10 per 
cent cupro-nickel substantially free from 
iron; the definite effect of iron additions 
on this alloy; and the low loss of all the 
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Fic. 11.—Experimental Condenser. 
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30 per cent cupro-nickels are of particu- 
lar significance. It will be recalled that 

the test specimens shown in Fig. 6 for 
run 24 on the vertical-shaft impingement - 
tester indicated that iron-free 10 per 
cent cupro-nickel was corroded less than — 
iron-free 30 per cent cupro-nickel. 
run 28 where the turbulence was greater 

and quantities of air bubbles were pres- 

ent, the iron-free 10 per cent cupro-nickel - 
was corroded much more than iron-free | 
30 per cent cupro-nickel. It may be that — 
iron-free 10 per cent cupro-nickel is more — 
resistant under conditions of lower oxy- 

gen content, while the corrosion resist- 
ance of iron-free 30 per cent cupro-nickel 


is definitely improved by the presence of 
air bubbles in the solution. Chapman 
and Cuthbertson® have expressed the 
thought that ordinary 30 per cent cupro- 
nickel requires highly aerated Sea water 
to form a good protective film. The 
most important consideration, however, 
is the good effect of iron additions to 
cupro-nickel as shown in the results from 
both types of tests. 


6 J. Chapman and J. W. Cuthbertson, ‘‘The or 
Resisting Properties of Bronze Condenser Tubes 
Electrode Potential Time Relationships,’’ Journal, Soc. 
Chem. Ind. (British), Vol. LVIII, No. 11, pp. 330-334, 1939. 
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Test IN EXPERIMENTAL CONDENSER 2 in. outside diameter by 0.049 in. gage 
Further proof of the good effect of were spaced around an 8-in. circle in 
iron in 10 and 20 per cent cupro-nickels Everdur tube plates. Two glass tubes 
_ has been obtained ina laboratory experi- of similar size were placed just outside 


Fic. 12.—Inlet Ends of Tubes in Experimental Condenser After Seven Months of Test. 
th at arrow going counterclockwise the tubes are: 


1. 10 per cent cupro-nickel, 0.80 per cent iron. 7. 10 per cent cupro-nickel, 0.05 per cent iron. 
2. 10 per cent cupro-nickel, 0.80 per cent iron. 9. 10 per cent cupro-nickel, 0.80 per cent iron. 
3. 30 per cent cupro-nic kel, 0.07 per cent iron. 10. 10 per cent cupro-nickel, 0.80 per cent iron. 
4. 30 per cent cupro-nickel, 0.45 per cent iron. 12. arsenical admiralty, 0. 03 per cent arsenic. 
5. 10 per cent cupro-nickel, 0.80 per cent iron. 13. 10 per cent cupro-nickel, 0.80 per cent iron. 
6. 10 per cent cupro-nickel, 0.80 per cent iron. 14. 10 per cent cupro-nic kel; 0.80 per cent iron. 
15. Aluminum brass (Ambraloy 927) 
TABLE LX.—TUBES TESTED IN EXPERIMENTAL CONDENSER 
| Analysis 
Tubes Tested Reference ee Condition After 7 months of Test 
| Number 
| |— 
10%, cupro-nickel, 0.80% iron...... 34 Extruded } — 
10% cupro-nickel, 0.80% iron...... 34 Pierced | No visible end corrosion 
30% cupro-nickel, 0.07% iron...... 55 Extruded Slight end corrosion; longitudinal 
striations 
a er 30% cupro-nickel, 0.45% iron 56 Extruded 
|  & Sey 10% cupro-nickel, 0.80% iron 34 Extruded + No visible end corrosion 
yO ae 10% cupro-nickel, 0.80%, iron 34 Pierced 
Diveisvinws 10% cupro-nickel, 0.05% iron 57 Extruded Roughened on end, inside wall cor- 
| — and undercut just beyond 
enc 
OS oer 10%, cupro-nickel, 0.80% iron 34 Extruded \ 
10% cupro-nickel, 0.80% iron 34 Pierced No visible end corrosion 
( ae Arsenical admiralty, 0.03% arsenic 58 Extruded End corroded back 4% in. Ring of 
ted pits 2 in. from inlet 
10% cupro-nickel, 0.80% iron 34 ox trudec 
et ee 10% cupro-nickel, 0.80% iron 34 Pierced } No visible end corrosion 
SS eee Aluminum brass (Ambraloy 927) 59 Extruded menshenes on end, but better than 
lralty 


mental condenser’) which is —_ n in the 8-in. circle in diametrically opposite 
‘Fig. 11. Sixteen tubes, 61 in. long by positions so that the turbulence and 
aeration ¢ r the gth « > tube 

7 John R. Freeman, Jr.,and A. W. Tracy, “The Relative aeration along the length f the 
Corrosion of Some Condenser Tube Alloys.’”? Unpublished could be observed. Extreme turbulence, 


report to Am. Soc. Mech. Eng., Special Research Commit- : 
sina shown by air-bubble paths, apparently 


tee on Condenser Tubes, 1932. 
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extended only about 6 in. along the tubes 
from the inlet end. A 3 per cent solu- 
tion of Turk’s Island sea salt, such as 
used in the impingement tests, was cir- 
culated through the tubes by a centrif- 
ugal pump at a rate of 8 to 10 ft. per sec. 


analysis reference numbers again refer 


to numbers in Table I, giving the compo- 
sitions by analysis. 


Under the particular conditions of test 
in this experimental condenser, the sev-— 


eral alloys would be rated as follows: 


0.025 


Oo oO 
8 
oO fon) 


| 


Maximum Depth of Corrosion , in 


¢ 6 


Admiralty 
Arsenical 
Admiralty 


Copper 


The friction of the salt water solution 
flowing through the system raised the 
temperature of the solution about 30 F. 
above room temperature. The solution 
vas circulated from a 40-gal. Everdur 
tank through red brass piping so there 
were no iron parts in contact with the 
test solution. 

Figure 12 shows the inlet ends of the 
tubes after a 7-month test in the experi- 
mental condenser. It can be observed 
that the tubes extended j in. beyond the 
ends of the ferrules, which themselves 
extended } in. beyond the face of the 
tube plate. This position of the inlet 
ends was a condition which encouraged 
impingement corrosion since stream-line 
flow into the tubes was virtually impos- 
sible. The alloys of significance to this 
report are described in Table IX. The 


Aluminum 
Brass } 


3 


Nickel 

+ | 
r cent 
Nickel 


30 per cent 
pro- 
.05 per cen 
pe 
pro- 
0.45 percent | 
Nickel Silver J 


30 


Cu 
Special 10 percent) 


Cu 
0.05 


Duration of test = 26 weeks. 


cent iron 
30 per cent cupro-nickel no added iron 
10 per cent cupro-nickel no added iron 
Aluminum brass 
Admiralty 


The good corrosion resistance of 30 
per cent cupro-nickel with no added iron 
confirmed the test results in the hori- 
zontal-shaft impingement tester, and 
gave support to the theory that low-iron 
30 per cent cupro-nickel requires the 
presence of oxygen to form a good pro- 
tective film in sea water. 


CONCLUSIONS 


These tests show quite conclusively 
the effect of iron content in improving 
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Fic. 13.—Run No. 12—Tests on Vertical Shaft Impingement Tester. 
3 per cent sea salt solution at room temperature. Velocity = 8 ft. per sec. 


30 per cent cupro-nickel plus 0.45 per 
cent iron—best 
10 per cent cupro-nickel plus 0.80 per 
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Run No. 24 


0.015 
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Run No. 27 
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00 per cent Manganese 


75 per cent Manganese 


+ 0. 

4 ¢ 30 per cent Manganese ——-} 

© /.20 per cent Manganese 


0.005 


o+ 


Iron, per cent 


30 per cent Cupro-Nickel Tests on Vertical Shaft Impingement Tester. 
3 per cent sea salt solution at room  Sompenntune. Velocity = 20 ft. per sec. Duration of test =12 weeks. 


© /Oper cent Cupro-Nicke/ 


02 04 06 O08 10 41.2 14 


+ 20 per cent Cupro-Nicke/ 
© 30 per cent Cupro-Nicke/ 


| 1 i 


04 06 08 «14 


Iron, per cent 


-10, 20, and 30 per cent Cupro-Nickel Tests on Vertical Shaft Impingement 


Tester. 


3 per cent sea salt solution at room temperature. Velocity = 20 ft. per sec. Duration of tests = 10 weeks. 
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Fic. 17.—Run No. 28—10 and 30 per cent Cupro-Nickel Tests on Horizontal Shaft Impingement 


Tester. 


3 per cent sea salt solution at 100 F. Velocity = 48 ft. per sec. 
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lic. 18.—Run No. 29—2 and 5 per cent Cupro-Nickel Tests on Vertical Shaft Impingement Tester. 
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Fic. 19.—Run No. 32—Tests on Vertical Shaft Impingement Tester. 
Duration of test = 8 weeks. 
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the resistance of cupro-nickels to im- 
pingement corrosion by sea “water”. The 
greatest improvement in impingement 
corrosion resistance was imparted to 
cupro-nickels which had between 10 and 
20 per cent nickel. The alloy with 5 per 
cent nickel was improved to a fair degree 
by the addition of iron, and the alloy 
with 2 per cent nickel showed some im- 
provement when iron was added. Ap- 
proximately 1 per cent iron had no effect 
in improving the resistance of copper to 
sea water impingement corrosion. 

The tests indicate that as the nickel 
content of cupro-nickels decreases from 
30 per cent to 5 per cent, more iron is 
required for optimum corrosion resist- 
ance; for example, 0.5 per cent iron for 
the 30 per cent cupro-nickel; 0.60 per 
cent for the 20 per cent cupro-nickel; 
0.75 per cent for the 10 per cent cupro- 
nickel; and 1 per cent for the 5 per cent 
cupro-nickel. 

There was no indication in these tests 


that a critical relationship between the 
iron and manganese content of cupro- 
nickels affected corrosion resistance. 
The data tend to confirm statements 
in the literature that 30 per cent cupro- 
nickel builds a more protective film in 
sea water that is thoroughly aerated than 
in a sea water deficient in air. ‘This may 
be the basis of the better service under- 
stood to be obtained from 30 per cent 
cupro-nickel in ships where the velocity 
and turbulence of the sea water is greater 
than in central power stations where, due 
to pollution of harbor waters, the oxygen 
content may be low. oe 
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Mr. C. L. Butow! (by letter).—The 
paper by Messrs. Tracy and Hungerford 
indicates that the addition of iron to 
cupro-nickel is beneficial under the con- 
ditions existing in their test. We re- 
cently published? some results which also 
showed that the addition of iron to 
70-30 cupro-nickel increased the corro- 
sion resistance to clean flowing sea water 
Kure Beach, N. C.). 

The general agreement between tests 
carried out under differing conditions by 
at least four investigators quite definitely 
indicates that the addition of iron to the 
copper-nickel alloys is beneficial. 

On the other hand, the lack of corre- 
lation of results with admiralty and 
aluminum brass indicates that these al- 
loys vary appreciably in their behavior 
depending upon the test procedure. 
Apparently in Messrs. Tracy and Hun- 
gerford’s test some film-destroying factor 
was in operation, which was not favor- 
able to aluminum brass, but at the same 
time was favorable to admiralty. 

Mr. F. L. LAQue® (by letter).—During 
the past few years we have engaged in 
investigations of the effects of minor 
constituents on the behavior of cupro- 
nickel alloys in sea water. To a consid- 
erable extent, these studies have paral- 
lelled those of Tracy and Hungerford 
and, in some instances, we have had the 
privilege of making tests on specimens 
furnished by these investigators. Our 
tests have been made outside the 
laboratory in natural sea water and, 
therefore, it seems worth while to present 
certain of our conclusions with some 
illustrative data to supplement those 


' Research Chemist, Bridgeport Brass Co., Bridgeport, 

in. 

* Transactions, Vol. 87, pp. 319-352, published by the 

ctrochemical Society (1945). 

In charge of Corrosion Engineering Section, Develop- 
ent and Research Div., The International Nickel Co., 

» New York, N.Y. 


DISCUSSION’ 


from the laboratory tests by these 
authors using a solution made up from 
sea salt. 

Our original tests were made: 

1. To check an opinion that the best 
performance of the 70-30 cupro-nickel 
alloy would be insured if all minor 
constituents were to be held to low 
limits, with the optimum presumably 
being a pure copper-nickel alloy. 

2. To check conclusions of investiga- 
tors for the British Non-Ferrous Metals 
Research Association that definite 
amounts of iron and manganese were 
desirable and to discover if the reported 
beneficial effects of these elements with 
respect to resistance to impingement 
attack were accompanied by any adverse 
effects on corrosion resistance under 
other conditions of exposure, as in 
slowly moving sea water in the presence 
of marine organisms. 

Several 30 per cent nickel alloys 
covering variations in content of iron, 
manganese, zinc, and tin were made up 
and subjected to impingement tests and 
to immersion in slowly moving sea water 
at Kure Beach, N. C. 

The principal conclusions from these 
tests were: 

1. There was no benefit in achieving 
a pure copper-nickel alloy, since the 
nearest approach to such a composition 
was definitely inferior to the other com- 
positions under all testing conditions, and 
especially with respect to resistance to 
impingement attack. 

2. The British finding that the alloy 
should contain a definite amount of iron 
was confirmed. 


3. The amount of iron needed for 
superior resistance to impingement at- 
tack did not impair resistance to corro- 
sion by sea water under other condi- 


_ 


tions of exposure. 
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4. Iron had its strongest effect on 
impingement resistance as it was in- 
creased to 0.20 per cent with a more 
gradual improvement as the iron content 
was increased further. This general 
effect is illustrated by the accompanying 
lig. 1. Note similarity of this curve to 
that in Fig. 14 of the paper. Higher iron 
contents, at least up to 1 per cent, were 
found to have no detrimental effect on 
resistance to impingement attack or 
general corrosion. However, there was 
some evidence that in alloys that con- 


Weight Less, mg. 


0 010 020 030 040 050 060 070 
Iron Content, per cent 

Fic. 1.—Effect of Iron Content on Erosion Resist- 
ance of 70-30 Copper-Nicke! Condenser Tubes. 
Velocity: 20 ft. per sec. Temperature, 90 F. 
tained substantial amounts of zinc, for 
example, 1 per cent or more, the simul- 
taneous presence of a high iron content 
tended to increase pitting under condi- 
tions of exposure to natural sea water at 
low velocity. 

5. Manganese had a generally bene- 
ficial effect, though it was less powerful 
than iron which it would supplement 
rather than replace. There was some 
evidence that the manganese content 
should exceed the iron content. 

6. Zinc when present up to 2 per cent 
showed no important effect on resistance 
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to impingement attack, but tended to 
favor pitting in natural sea water when 
present to the extent of 2 per cent. 

7. Tin when present up to 2 per cent 
showed no important effect on perform- 
ance under any of the testing conditions, 

The effect of iron content on behavior 
under conditions of immersion in natural 
sea water is illustrated in the accompany- 
ing Table I giving the comparative data 
on two of the alloys studied. 

TABLE I. RESULTS OF TESTS ON CUPRO-NICKEL 
I 


E 
ALLOYS IMMERSED FOR 671 DAYS IN SEA WATER 
FLOWING AT 2 FT. PER SEC. AT KURE BEACH, N.C, 


Alloy Composition, per cent Average 
Weight Depth 
Loss of of 
by 12 | Deepest 
op- an- | by Y%-in. | Attack, 
3 per Iron ganese Zinc Speci- in. 
% mens, g. | 
29.5 | 70.4 | 0.006) 0.05 | <0.01) 5.2 0.014 
29.5 | 69.3 | 0.45 0.68 <0.01 2.9 0.005 
TABLE II. 


RESULTS OF SEA WATER IMPINGE- 

MENT TESTS IN ASPIRATOR TYPE JET 
TEST APPARATUS. 

Rate of flow 2.7 liters per min. 

Average water temperature... 


Duration of test days 
Air bubbles mixed with water 
C siti 
Alloy Composition, per cent Weight | Depth of 
Loss, Attack, 
Manga mg. in. 
Nickel | Copper Iron | Siren | | 
30.0 | 69.2 | 0.51 | 0.27) 71 0.001 
29.9 | 69.8 | 0.01 | 0.27 | 179 0.015 


More recently, the resistance of the 
alloys to impingement attack has been 
studied at Kure Beach using an aspirator 
type of jet test apparatus. With this 
apparatus, a jet of sea water mixed with 
air bubbles (2 to 3 per cent by volume) 
drawn into the water as it passes through 
the jet is made to impinge on the flat 
surface of a specimen placed just in front 
of the jet. The effect of iron content on 
the behavior of 70-30 cupro-nickel under 
such testing conditions is illustrated by 
the data in Table IT. 

The difference between the two alloys 
is shown even more strikingly by the 
accompanying Fig. 2 showing the ap- 
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pearance of the specimens after this jet 
test. 

Tests on the 70-30 cupro-nickel which 
contained only 0.01 per cent iron at dif- 
ferent jet velocities and in the presence 
and absence of entangled air bubbles in 
the jet (Table III) showed that as the 
severity of impingement attack condi- 
tions was reduced, and especially when 
air bubbles were absent, this alloy would 
demonstrate excellent resistance to such 


70-30 Cu-Ni with 
0.5 per cent Fe 
Fic. 2.—70-30 Copper-Nickel Alloys After 
Exposure in Aspirator Type Sea Water Jet 
Test at Flow Rate of 2.7 Liters per Minute 
with Air Bubbles Present at 25 C. 


70-30 Cu-Ni with 
0.01 per cent Fe 


Fic. 3.—70-30 Cupro-Nickel Alloy Containing 

0.01 per cent Iron After Exposure in Aspirator 

Type Sea Water Jet Test at Flow Rate of 1.8 

Liters per Minute with No Air Bubbles Present 
at 25 C. 


ittack. The appearance of a specimen 
of this alloy after tests at a lower flow 
rate and in the absence of added air bub- 
bles is shown in the accompanying 
Fig. 3, which should be compared with 
Fig. 2 of the same al'oy after exposure to 
more severe testing conditions. 

The relatively good performance of the 
low iron content alloy under these partic- 
ular testing conditions was in line with 
the fact that a very large tonnage of low 
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iron content 70-30 cupro-nickel is per- 
forming very well in service under condi-- 


tions where impingement attack might — 


be expected. 
that many of the testing conditions 
chosen for the study of these alloys are 
much more severe than those normally 
encountered. At the same time, since 
the higher-iron content alloy performs 
well throughout a wide range of severity 
of exposure conditions, it would be 
prudent to choose this alloy for services 
where the severity of the impingement 
attack conditions is unknown or where 
very severe conditions are expected. 
Unfortunately, the behavior of the 
low-iron content alloy in these tests with 
TABLE III—RESULTS OF TESTS SHOWING 
EFFECTS OF JET VELOCITY AND AIR BUBBLES 
ON IMPINGEMENT ATTACK OF LOW IRON 70-30 
CUPRO-NICKEL. 
Duration of test—67 days. 


Rate of | Weight Loss, mg. | Depth of Attack, . o 
of Sea Water Air Air | 
From Jet, | Bubbles | No Air | Bubbles | No Air 
liters Mixed Bubbles | Mixed Bubbles 
per min. With in Water | With in Water 
Water Water | 
2.7 535 0.006 | 
1.8 180 167% | 0.007 | 0.0014 


“ Admiralty brass tested under the same conditions 
at the same time suffered a weight loss of 454 mg. and at- 
tack to a depth of 0.015 in. 


and without air failed to confirm some 
of the indications of tests by Tracy and 
Hungerford that the low-iron content 
alloy performs best when the water is 
thoroughly aerated. Probably the effect 
of air is tied in with other factors that 
were not the same in their tests and ours. 
Some further investigations now in 
progress, and to be made, are expected 
to throw further light on this interesting 
phase of the subject. 

We also have tested alloys of lower 
nickel content which contained added 
iron and can confirm the finding that 
these compositions possess excellent re- 
sistance to corrosion and impingement 
attack in sea water. 

Typical results of tests with the 


From this, it would appear — 


‘ay. 
: . 
hen 
ent 
rm- 
ons. 
vior 
ural 
iny- 
lata 
"KEL 
\TER 
bth —— 
«| 
ack, 
014 
005 
min. 
oth of 
tack, 
in. 
001 
O15 


616 DISCUSSION ON CORROSION OF CUPRO-NICKEL IN SEA WATER 
: 4 aspirator type of jet apparatus are given Mr. G. L. Battey' (by letter).—This twe 
in Table IV. paper is extremely interesting to us be- the 
The appearance of the 70-30 cupro- cause we ourselves have been doing a iro 
_ nickel alloy after test is shown in Fig. 2 great deal of work on similar alloys dur- suf 
and of the 10 per cent nickel alloy and ing the last seven years. The work of res 
j the brasses in the accompanying Fig. 4. my colleague, Mr. May, on the effect of col 
Specimens of the low-nickel content iron and manganese on the resistance of im) 
alloy also were exposed immersed in 70-30 cupro-nickel alloys in sea water, of 
slowly moving sea water at Kure Beach which is quoted by the authors, opened ( 
with results given in Table V. the door to wider investigations on the cor 
It would appear from our tests and_ effect of these constituents on copper- the 
those of Tracy and Hungerford that the nickel alloys of lower nickel content. cor 
iron-modified cupro-nickel alloys con- We have explored a wide range of nickel of 
taining from 10 to 12 per cent nickel are and iron contents and can confirm the ha’ 
equal or superior to many of the older authors’ findings as to the effect of iron nat 
= compositions now employed to resist on the resistance of copper-nickel alloys wa 
attack by sea water. to corrosion-erosion or impingement at- po 
wit 
mc 
att 
nat 
ab: 
red 
ent 
wh 
fer 
be 
10 per cent cupro-nickel Admiralty brass Aluminum brass ex] 
with 0.8 per cent Fe of 
Fic. 4.—Specimens After Exposure in Aspirator Type Sea Water Jet Test at Flow Rate of no 
2.7 Liters per Minute with Air Bubbles Present at 25 C. on 
_ TABLE IV.-RESULTS OF JET TESTS AT FLOW TABLE V.—RESULTS OF IMMERSION TESTS OF | 
RATE OF 2.7 LITERS PER MINUTE WITH CUPRO-NICKEL ALLOYS AT KURE BEACH, C. 
BUBBLES PRESENT AT 25 C. 
- - | Weight | Maxi- t 
Alloy Composition, per cent | Dura Weight N € 
Alloy Composition, per cent Maxi- __| tion of Loss, _ . 
: | Weight mum Cop- Men- of At. 
| | | Nickel per | days per day |tack, in. tri: 
S| | im. per 12.6 | Bal. | 0.30 | 0.43 | 987 2.9 | 0.005 are 
Z2i1e1|e|s|8/4) & month 12.6 | Bal. | 1.8 0.43 | 987 1.9 | 0.011 the 
N 30 70 987 2.6 | 0.010 
10.0 | 89.0 0.8 | 0.2 357 23 | . ing 
10.0 | 89.0) 0.8 | 0.2}... 3.6 | 9.003 29.4 | 69.4 | 0.4 0.8 357 4.2 
30.0 | 69.2} 0.5 | 0.3 1.8 0.0006 30.4 | 69.0 | 0.05 0.3 357 7.0 | ter 
--+- | 70.7] 0.02) ... | 28.1) ...| 0.037) 15.5 | 0.009_ Arsenical admiralty brass... 357 16.8 to 
| 76.4 0.07) ... | 21.5) 2.0] 0.06) 5.4 0.0015 Arsenical aluminum brass. . ... | 357 4.2 | 
’ Aluminum brass. tack, particularly in the range 5 to 10 ; 
is 


per cent nickel, which we have studied 
most fully. We agree that manganese 
is far less effective but should make tt sion 
clear that the relationship we found be- 


It is evident, also, that the laboratory 
testing techniques used by Tracy and 
Hungerford provide satisfactory means 
of evaluating the ability of copper alloys 
to resist erosion or impingement attack 


F 4 Director, British Non-Ferrous Metals Research Ass0- 
in sea water. 


ciation, London, England . a 
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tween manganese and iron content in 
the 70-30 alloy applied with very low 
iron contents. If the iron content is 
sufficiently high, 0.5 per cent or more, 
resistance of the alloys to sea water 
corrosion under conditions of air bubble 
impingement seems to be independent 
of the manganese content. 

Our methods of testing have differed 
considerably from those employed by 
the authors: We have based most of our 
conclusions on the results of the jet test 
of the type described by Mr. May’, and 
have used a wide variety of samples of 
natural sea water. The nature of the 
water used is of very considerable im- 
portance. Experiments we have made 
with sea salt have generally given us a 
more widespread and shallower type of 
attack than we consider normal for 
natural sea water, perhaps owing to the 
absence of organic contamination when 
redissolved sea salt is used. The differ- 
ence in behavior of a particular alloy 
when tested in natural waters with dif- 
ferent degrees of such contamination can 
be very considerable, and we _ think 
experiments based only on the results 
of tests in a solution of sea salt will 
not line up with service behavior as 
well as could be desired. 

It is, however, very satisfactory to 
find that despite differences of technique, 
the authors have obtained results which 
in essence are similar to ours. Service 
trials of the low-nickel iron-bearing alloys 
are far from complete in this country, but 
the evidence that is available is encourag- 
ing, and it is hoped that with the 
termination of the war it will be possible 
to present our information for publica- 
tion. 

One important result of the authors 
is not in agreement with our findings, 


5R. May, “Eighth Report of Institute of Metals Corro- 


on Committee,” Journal, Inst. Metals, Vol. 60, pp. 
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namely, the relatively poor resistance of 
aluminum brass reported in Fig. 13. It 
is very surprising to us to see aluminum | 
brass more attacked in such a test than 
admiralty metal and we feel there is 
something amiss with this particular test, _ 
the results of which are at variance word 
an immense amount of laboratory and 
service experience. 

Messrs. A. W. Tracy AnD R. L.. 
HuNGERFORD (authors’ closure by letter). 

The authors appreciate the discussions 
offered by Messrs. Bulow, LaQue, and 
Bailey and are gratified that our labora- 
tory test results agree in so large a 
measure with their tests on copper-nickel _ 
alloys. 

Messrs. Bulow and Bailey point to the 
poor showing of aluminum brass com- 
pared to admiralty as indicated by our 
data and state that this fact does not 
agree with their experience. It should 
have been emphasized in the paper that 
the more rapid attack on aluminum 
brass was rather unexpected. We have 
made many other comparative tests on 
the impingement resistance of admiralty 
and aluminum brass and are convinced 
that aluminum brass is in general 
superior to admiralty in this respect. 

The information furnished by Mr. 
LaQue based on his tests at Kure Beach, 
N. C. is an important contribution to 
the value of the paper under discussion. 

Mr. Bailey’s observation that experi- 
ments made with sea salt solutions may 
not line up with service behavior in 
natural sea water is well taken. Al- 
though tests made in sea salt solutions 
will apparently agree quite well with 
those made in clean sea water at Kure 
Beach, they might not agree in every 
respect with tests made in polluted har- 
bor water. We would all agree that the 
actual value of an experimental alloy 
could only be finally decided by a service 
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OBSERVATIONS ON THE APPEARANCE WELDING OF MALLEABLE 


CASTINGS 
By H. A. Scuwartz,' IRA Younc,' AND JAMES HEDBERG! 
INTRODUCTION 

Fusion welding of malleable iron is not recommended for stress-carry- 

ing parts because of the resultant formation of a brittle structure. There 

are applications, however, where tensile stresses are low or stresses 


are compressive only, in which welded malleable irons, even though 
lower in ductility and impact value at the weld, may be employed.” 


Cleveland, Ohio, p. 60 (1944). 


This paper concerns itself exclusively 
with the repair, by welding, of surface 
No expression of opinion is 
intended on any matter involving welds 


to sustain important working stresses. 


Within the limitations of this paper, such 


_ welds need be ductile enough to permit 
of very moderate deformation and soft 
enough to permit machining at speeds 


comparable with those used on malleable 
We propose to use deflection in 
cross bending as a test for ductility and 
indentation hardness as a measure of 
machinability. The latter is a matter of 
practical necessity, for no machine shop 
would be willing to make observations on 
tool life on materials known in advance 
to be inferior. Reference to commercial 
machining on welds made by a promising 
technique will follow in due course. 

A very brief discussion of the tech- 
niques of welding malleable castings 
has been published by the American 
Welding Society.” 

There is a general belief, receiving 


1 Manager of Research, Engineer of Tests, and Research 
Assistant in the Research Department, respectively, Na- 
tional Malleable and Steel Castings Co., Cleveland, 
Ohio. 

2 Welding Handbook, p. 849 (1942— 


—American Malleable Iron—A Handbook, Malleable Founders’ Society, 


considerable support by the work here 
reported, that the ideal method of weld- 
ing consists in the use of white cast iron 
as a filler material, followed by a sub- 
sequent complete malleable annealing 
treatment. 

The Welding Hand Book is not very 
clear on what type of “annealing” is to 
follow welding with soft steel. A com- 
plete malleable anneal is presupposed in 
some quarters, though there seems to be 
reason to doubt its necessity. 

This paper is intended to illustrate, in 
the light of ductility, hardness measure- 
ments and metallography, the results to 
be expected from various welding tech- 
niques. Such detailed comparisons 
seem to be lacking in the literature, hence 
were deemed useful by Committee A-7 
on Malleable-Iron Castings. 


EXPERIMENTAL PROCEDURE 


Test specimers were prepared from a 
single lot of malleable iron. They were 
13 by 3 in. in cross-section and about 
8 in. long. A 3-in. drill hole was made 
approximately half way through the 
specimen to an exact depth, and these 
holes were welded by experienced opera- 
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Heat treatment, 1? hr. at 1289 F. 
and quenched. 


Acetylene welded with hard iron 
LE Acetylene welded with hard iron. 
Arc welded with hard iron. 
Arc welded with haid iron 
Arc welded with gray iron. 


Arc welded with gray iron. 


Arc welded with gray iron. 


Arc welded with soft steel. 


ere 
eld- Arc welded with soft steel. 
ron 
ub- 
ling Arc welded with Monel metal. 
ery Arc welded with Monel metal. 
s to 
om- ‘Fic. 1.—Fracture 
d in 
be 
TABLE I.—DEFLECTIONS IN 

; MAXIMUM LOAD OF SPECIMENS WELDED BY 
e, in DIFFERENT TECHNIQUES AND OPERATORS. 

is to Second Heat Treatment Welder Re-an- 
ech- 
sons 

Acetylene welded, hard iron 
ence filler 
= | 
A-i arbon arc weld........... A 
dard iron filler .......... B 
arbon arc weld... A 
fay iron filler .......... B 
ym a 
were 
A 
Soft steel filler... B 
made 
the 
A 
these Monel filler B 
jpera- 
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Heat treatment, full malleable 
anneal. 


Acetylene welded with hard iron. 
Acetylene welded with hard iron. 
Arc welded with hard iron. 
Arc welded with hard iron. a 


Arc welded with gray iron. 


vy 


Arc welded with gray iron. 7 
Arc welded with gray iron. 7 
Arc welded with soft steel. - 
Arc welded with soft steel. : 
Acc welded with Monel metal. 


Arc welded with Monel metal. 


Through Welds Made by Various Techniques. oe 


tors, using various techniques. In the 
case of the arc-welded material, two 
different operators performed the same 
operation. In the case of the gas-welded 
material, only one. 

Five specimens prepared by each 
technique by each electric welder were 
completely re-annealed in the Dressler 
kiln, running on a commercial cycle at 
the Cleveland Works of the National 
Malleable and Steel Castings Co., and 
five others were merely held 12 hr. at 
1280 F. and cooled at any convenient 
rate. 

In the case of the gas-welded speci- 
mens, nine and ten specimens, respec- 
tively, were given these same heat treat- 
ments. The specimens were broken in 
cross bending on supports 7} in. apart. 
Since we are not interested in the exact 
comparisons of strength, it did not seem 
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worthwhile to attempt any refinements 
of the irregular surfaces sometimes left 
by the welder. The deflection at maxi- 
mum load was recorded for each speci- 
men and averaged (separately if the 
work was that of two different welders). 
The welding techniques and the cor- 
responding deflections are summarized 
: in Table I. 
It is plain from the table that good de- 
4 flections are obtainable best by acetylene 
welding with hard iron and fully re- 
annealing, and by arc welding with 
Monel metal and tempering. 

Typical fractures through the welds 
are shown in Fig. 1. In general, several 
welds of the same type are here photo- 
graphed. It will be seen that in a few 
cases the weld separated from the body 
of the metal, but usually the fracture was 
through the weld itself. 

Having in mind the obvious desir- 
ability of doing away with the long-time 
heat treatment of fully re-annealing, 
similar specimens were prepared by arc 
_ welding with soft steel and with Monel 
metal. The steel welds were either given 
the normal malleable anneal or the 13-hr. 
tempering at 1280F., and the Monel 
welds were given either the latter heat 
treatment or they were held 8 hr. at 
1320 F. and cooled in 12 hr. to 1200 F. 
These specimens had the welded surface 
finished by surface grinding and were 
then macroetched to develop the weld 
boundary. Rockwell hardness readings 
were then taken along a weld diameter 
in order to measure the hardness dis- 
tribution more accurately than was 
possible on cross-sections of the speci- 
mens prepared for the cross-bending test. 

Micrographs shown in Figs. 2 to 20 in- 
_clusive, were taken in various regions 

deemed appropriate in the cross-bending 
specimens. 

Figure 21 is an additional micrograph 


obtained from the second series of welds 
which were made for the purpose of 
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exploring the hardness distribution in 
certain welds made by techniques in- 
volving a short heat treatment. 


DISCUSSION OF DATA 


When a malleable casting is welded, 
obviously the filler material must have 
been raised to the melting point, and 
equally obviously the temperature of 
the parent metal must have been sub- 
stantially at or above the melting point 
of the filler material where it abuts on 
the weld itself, and the maximum tem- 
perature must have graded off to room 
temperature in some distance, not neces- 
sarily known, back from the weld metal. 
Keeping this distance small is probably 
one of the skills of the welder. 

Now it will be obvious that that por- 
tion of the malleable iron nearest the 
weld which has been raised to a tempera- 
ture above the critical point, will have 
carbon re-combined. Any portion which 
has been re-melted will have reverted to 
white cast iron. If the filler material 
is also white cast iron, it seems plausible 
that a malleable anneal, applied to the 
whole structure, will make everything 
go back to the condition of malleable 
iron. One would, therefore, expect a 
malleable iron casting, welded with hard 
iron and re-annealed, to have, through- 
out, the properties of ordinary malleable 
iron. This is, in fact, approximately 
true. 

The micrographs indicate that malle- 
able iron annealed twice, once before and 
once after welding, and also the hard 
iron welded into malleable, annealed 
once, have substantially the normal mal- 
leable iron structure except that in the 
transition zone between the weld and 
parent metal there is a somewhat peculiar 
and rather flaky graphite distribution, 
irrespective of whether the welding was 
by the acetylene flame or the carbon arc. 

Gray iron deposited as weld metal, and 
no doubt freezing nearly as white cast 
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Fic. 2.—Malleable Iron After a Second Com- Fic. 3.—Hard Iron Weld Metal Deposited ie 
plete Anneal (X 100). Etched in picric acid. Acetylene Welding After a Complete Re-anneal 
(X 100). Etched in picric acid. 


Fic. 4.—Transition Zone Between Malleable Fic. 5.—Transition Zone Between Malleable 
Iron and Hard Iron Weld Metal Deposited by Iron and Hard Iron Weld Metal Deposited by 
\cetylene Welding After a Complete Re-anneal the Carbon Arc After Complete Re-anneal (X 


X 100). Etched in picric acid. 100). Etched in picric acid. 


Fic. 6.—Transition Zone Between Gray Iron FiG.7.—Malleable Castings About0.1 in. Away 
Deposited by Carbon Arc Welding and Malleable from a Soft Steel Arc Weld, Incompletely An- 
Iron After Complete Re-anneal (X 100). Etched nealed on Subsequent Re-anneal (X 100). 
in picric acid. Etched in picric acid. 
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Fic. 8.—-Portion Near the Zone of Contact of Fic. 9.—Zone of Contact Between Soft Steel 
Soft Steel Deposited by Arc Welding in Malleable Deposited by Arc Welding in Malleable Iron and 
Iron. Complete Re-anneal (X 100). Etched the Parent Metal After Complete Re-anneal 
in picric acid. (X 100). Etched in picric acid. 
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Fic. 10.—Monel Metal Weld in Malleable Fic. 11.—White Cast Iron Deposited by Acet- 
Iron After Complete Re-anneal (X 100). Etched ylene Welding in Malleable Iron and Tempered 
in nitric and acetic acids, without electrolytic 1} hr. at 1280 F. (X 100). Etched in picric acid. 
acceleration. 
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l'1c. 12.—Transition Zone Betwecn Hard Iron Fic. 13.—White Cast Iron Deposited by Arc 


Deposited by Acetylene Weld’ng in Malleable Welding in Malleable Iron ard Tempered 1} hr. 
Iron and the Malleable Iron After Heat Treat- at 1280 F. (X 100). Etched in picric acid. 
ing 1¢ hr. at 1280 F. (X 100). Etched in picric 
acid. 
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Fic. 
Malleable Iron and White Cast Tron, Deposited 


by Arc Welding. Tempered 1} hr. at 1280 F. 
(X 100). Etched in picric acid. 


from Hard Iron Denosited by Arc Welding. 
Tempered 12 hr. at 1280 F. (X 100). Etched 
in picric acid. 


see 


_ Fic. 16.—Gray Iron Deposited by Arc Weld- 
ing in Malleable Iron. Tempered 13 hr. at 1280 
F.(X 100). Etched in picric acid. 


~ a 


Fic. 17.—Transition Zone Between a Soft 
Steel Arc Weld and the Parent Malleable Iron. 
Tempered 13 hr. at 1280 F. (X 100). 
in picric acid. 


Etched 


Fic. 18.—Malleable Iron Slightly Away from 
Soft Steel Arc Weld. 


Fic. 19.—Malleable Iron Slightly Away 
Tempered 1} hr. at 1280 
F.(X 100). 


rom 
Monel Metal Arc Weld. 
Etched in picric acid. 


Tempered 1} hr. at 
1280 F. (* 100). Etched in picric acid. 
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eel Fic. 15.—Zone in Malleable Iron 0.1 in. Away 
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Fic. 20.—Monel oe al hia Weld in Malle able Fic. 21.—Transition Zone Between Malleable 
iS Tempered 1{ hr. at 1280 F. (X 100). Iron and Monel Metal Arc Weld. Heated 8 hr. 
Etched in nitric and acetic acids, without elec- at 1320 F. and cooled in 12 hr. to 1200 F. (X 
EG tic acceleration. 100). Etched in picric acid. 
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3 Fic. 22.—Hardness Distribution in Steel and Monel Metal Arc Weld in Malleable Iron After Various 
Tempering Treatments. 


‘iron, is converted by the malleable an- 

_ neal to ferrite and graphite, but some of 
the latter is in rather stringy form. 

_ There seems to be some tendency for 
steel welds to cause the retention of com- 
bined carbon in the annealing heat 
treatment even at some distance away 
from the weld, as shown in Fig. 7, which 

is similar to an ordinary bull’s eye malle- 
able. At the zone of contact between 


malleable iron and steel, the latter 
absorbs carbon from the parent metal. 
The presence of nearly pure ferrite next 
to the weld structure in Fig. 9 is peculiar. 


Monel metal, like steel, seems to favor 
the retention of some combined carbon at 
some distance away from the weld. 
There seems, however, to be no evidence 
of diffusion between the iron base and 
the nickel copper alloy. Work still in 
progress seems to show that welding 
with nickel produces results similar to 
those obtained with Monel metal. 

If the heat treatment is limited to 
tempering, white iron filler material re- 
mains apparently unaltered. 

In the transition zones re-melted mal- 
leable iron also sometimes shows some 
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reversion to white cast iron, and even 
0.1 in. away from the weld some re- 
combination of carbon can be observed. 
Similar statements could be made with 
regard to gray cast iron used as the filler 
material. 

Soft steel welds show in the transition 
zone some carbon pick-up in the steel 
and some recarburization of malleable 
iron near the weld. The same may be 
said of Monel metal welds given the 
short tempering heat treatment. How- 
ever, if these welds are tempered at 
1320 F., then the slowly cooled transition 
zone is limited to a narrow band of 
partly spheroidized pearlite. 

It seems rather unnecessary to discuss 
in detail the hardness in the various 
typical fields illustrated by the micro- 
graphs. Obviously where the-structure 
is malleable iron, the hardness has not 
been much changed except to the extent 
that all malleable iron, when quenched 
from below the A; temperature, say 
1280 F., shows some hardening not con- 
nected with the recombination of carbon. 
The white cast iron structures are, of 
course, intensely hard, and the structures 
which are steel-like in character, have 
approximately the hardness of steels of 
similar microstructure. 

Steel welds are acceptable to some 
machine shops with only a tempering 
treatment. The Monel welds are ob- 
viously better than steel from the view- 
point of microstructure; supported also 
by hardness observations not here re- 
ported in detail. It was for this reason 
that the second series of welds was made 
and explored as to hardness across the 
diameter of the weld. 

The Brinell numbers as calculated 
from ‘‘B” Rockwell readings, averaged 
for a number of welds of each type, are 
summarized in Fig. 22, which is no doubt 
self explanatory. It may be said for 
comparison that the standard practice of 
gas welding with white cast iron and re- 
annealing would have yielded Brinell 
readings from 97 to 121, and averaging 
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about 100 or 110, entirely across the weld 
and reaching indefinitely each way into 
the parent metal. 

As a check on the validity of the 
argument that Monel welds tempered 13 
hr. at 1280F. should machine satis- 
factorily, a considerable series of sample 
welds were machined in a production 
shop, using Carboloy tools, and cutting 
at their normal machining speeds for 
malleable iron. This operation was 
conducted by a corporation not con- 
nected with the National Malleable and 
Steel Castings Co., who reported that 
the machining was entirely satisfactory. 


CONCLUSIONS 


It has not been the purpose of this 
paper to draw any conclusions presenting 
great novelty to those who may have 
worked with the welding of malleable 
castings. The purpose has been to indi- 
cate the microstructure which might be 
expected from various techniques and to 
investigate those techniques involving a 
short post heat treatment in comparisons 
with the more established practice of 
welding with hard iron completely re- 
annealed. The viewpoint has _ been 
mainly to determine whether such welds 
are sufficiently machinable and ductile 
to be a satisfactory means of improving 
the appearance of malleable castings. 
The authors conclude from the evidence 
presented that such is the case. 
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DISCUSSION 


Mr. C. H. Loric! (by letter) —The 
information on welding of malleable 
castings reported by Schwartz, Young, 
and Hedberg, while still preliminary, 
is indeed interesting. It is hoped this 
work will continue so that considerably 
more data are secured regarding the in- 
fluence of variations in welding tech- 
niques and the metallurgy of welds. 
Little if any information of this nature 
is as yet available. 

The great strides made in the welding 


of steels, and the successes in welding 


which have followed developments in 
electrode coatings suggest that fusion 
welding of malleable iron is not in- 
herently impossible. By applying some 
of the welding techniques for steel and 
using specially coated electrodes de- 
signed specifically for malleable iron, 
there are reasonable possibilities that 
successful welding of malleable iron can 
be achieved. Coatings made to con- 
tain certain alloying elements or com- 
binations of elements might well be 
found that will give weld deposits that 
are not only satisfactory from the stand- 
point of soundness and properties, but 
that also respond quickly to low-tem- 
perature heat treatments. 

The increased hardness in and back 
from the fusion zone in the base metal 
resulting from heating above the trans- 
formation temperature during welding 
offers the major obstacle to overcome in 
fusion welding of malleable iron. It 
would seem possible, however, through 
an intensive study of the problem that 
rather simple means could be found to 
regulate the hardness increase, perhaps, 


1 Supervising Metallurgist, Battelle Memorial Inst., 
Columbus, Ohio. 


by control of the weld process itself so 
as to keep the carbon absorption to a 
minimum, or by diffusing into the 
highly-heated zone of the base metal 
constituents which accelerate greatly 
graphitization at low temperatures. 

The problem of welding malleable iron 
is not simple. Its practical solution is 
likely to require an enormous amount 
of work. Yet the repair and salvaging 
of malleable castings, if it could be 
achieved readily by welding, is of pro- 
found interest to the malleable industry. 
It is hoped, therefore, that the work of 
obtaining satisfactory welds in malleable 
iron will continue. 

Mr. G. VENNERHOLM? (by letter).— 
This paper is of particular interest in 
that it helps to dispel the stigma that 
has surrounded the repair welding of 
malleable iron in the past and is a step 
towards placing the repair welding of 
malleable iron in the same category as 
repair welding of steel, which for years 
has been an established procedure. 

The results published by the author 
concur with the experience of the writer 
in that satisfactory results can be ob- 
tained by either welding with a similar 
material, that is, white iron followed by 
complete re-anneal, or by welding with 
a dissimilar material as, for example, 
non-ferrous followed merely by a low- 
temperature treatment of about 1300 F. 
In addition to the methods described in 
the paper, high- and low-temperature 
brazing has found widespread applica- 
tion in the repair of minor defects where 
little or no post heat can be applied. 

It is of interest to note that the recom- 


2 Ford Motor Co., Dearborn, Mich. 
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mended procedures under the “Repair of 
Malleable Iron Castings” issued by the 
S. A. E. War Engineering Board, em- 
body the general outline of the present 
paper. 

Mr. A. R. (by letter).—The 
repair of malleable iron castings has 
always presented an interesting metallur- 
gical problem on welding because the 
unique nature of malleable iron has made 
it impossible, even under the most favor- 
able conditions, to reproduce in a welded 
member the same properties possessed 
by the original material. It is well 
known, and confirmed by the data in the 
present paper, that the closest approach 
to this is obtained in castings that have 
been remalleableized after welding by 
the acetylene flame, using welding rods 
of white iron composition. In such 
welds, the weld metal malleableizes 
satisfactorily, but in a narrow band of 
base metal adjoining the weld metal, 
the graphite exists in flake form, which 
reduces the ductility of the assembly. 
It is therefore reasonable for many pur- 
poses to avoid involved heat treatments 
altogether and to resort to what the 
authors term “appearance welding.” 
The object of this, of course, is to repair 
an obvious defect in a way that is the 
simplest to perform and has the least 
deleterious effect on the malleable iron. 

The authors have made two series of 
tests, using both arc- and flame-welding 
methods. One series of welded castings 
was subjected to the standard mallea- 
bleizing treatment, and in the other 
series the welded castings were heated 
to 1280 F. for 1} hr. and quenched, a 
treatment intended to render the iron 
immune from embrittlement during sub- 
sequent heating operations. The re- 
sults of the deflection tests and metallo- 
graphic examination clearly show that 
none of the welds with ferrous welding 


*Union Carbide and Carbon Research Laboratories, 
nc., Niagara Falls, N. Y 
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rods produced acceptable physical prop- 
erties and microstructures when given 
only this latter heat treatment. This 
is undoubtedly due to the formation of 
hard constituents that were not trans- 
formed by the heat treatment. Under 
these conditions it would seem that, for 
the acetylene welds, a welding rod of 
gray iron composition might have been 
a better choice, because such a rod is 
designed to produce graphite iron in the 
deposit, while, as the photomicrographs 
in the paper show, white iron was formed 
in the acetylene welds. Welded speci- 
mens prepared with the gray iron rods 
should give higher results in the deflec- 
tion test. The deflection test results of 
the specimens electric-welded with monel 
rod are considerably superior to those of 
specimens made with ferrous rods. Un- 
doubtedly the high bend values obtained 
were due to the higher ductility of the 
weld metal rather than to the absence 
of heat effect on the base metal. It 
would be interesting to learn the effect 
of the size of the casting on the heat 
effect adjacent to the monel metal arc 
weld. With heavier base metal the 
heat effect might be more pronounced. 

The series would have been more com- 
plete if bronze-welded specimens had 
been included. As _ bronze-welding is 
done at temperatures just above the 
AC, critical point, only a moderate 
amount of re-solution of carbon occurs. 
There is, therefore, no formation of 
flake graphite nor of white iron constit- 
uents on cooling. This holds true for 
both large and small weld repairs. 
Moreover the ferrite ground mass offers 
an especially receptive surface for the 
bronze weld metal. The yellow color 
of the bronze would generally not be 
objectionable, as most metal articles 
are painted or otherwise surface-treated. 
Nickel bronzes are available which match 
the color of malleable iron quite closely. 
These characteristics have made bronze- 
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welding the leading method of repair of 
malleable iron, as pointed out in the 
American Welding’ Society Welding 
Handbook. 

Mr. H. A. Scuwartz (author's closure 
by letter).—To the author it scems that 
the problem of preventing hardness in 
malleable welds is the problem of limit- 
ing the thickness of the layer between 
weld metal applied above the critical 
point and that layer in the malleable iron 
which just did not reach the critical 
point. Apparently this is a matter of 
putting in heat so rapidly that it does 
not have time to diffuse away from the 
weld zone. It would seem difficult to 
imagine the addition of a graphitizing 
agent so effective as to produce second- 
stage graphitization in the very short 
time available during cooling, and suff- 
ciently able to migrate into the heat- 
affected zone of the malleable iron so 
that it was present in effective amounts 
clear to the depth to which a temperature 
equivalent to the A, temperature has 
penetrated. It is possible that such a 
solution exists. It would supposedly be 
a little easier to do this where post heat 
was used, as in some of the present ex- 
periments, so that no such terrific accel- 
eration of second-stage graphitization 
rate is required as would be necessary to 
produce the  graphitization during 
cooling. 

The use of gray iron welding material] 
seems to the writer hopeless. The pres- 
ent experiments were made with a com- 
mercial welding rod of this character. 
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It must be remembered that the weld 
under consideration is, generally speak- 
ing, a small spot in a large chilling mass 
of malleable iron. We quite realize that 
a heavy weld can be made of gray iron 
without reversion to white cast iron. 
This does not seem to happen in any case 
where the welds are of such a magnitude 
in relation to casting’s size as have 
seemed to be of commercial significance. 
If a gray iron welding rod were used and 
the weld were kept gray, then it would 
seem that we would still be confronted 
with the need of migrating the graphitiz- 
ing agent into the heat-affected zone of 
the malleable iron just as discussed 
above. 

It is not very clear why a gray iron 
weld, if it were on the tension side of a 
bend specimen, would permit of any con- 
siderable deflection. We deliberately 
turned our specimens in that direction 
so as to demonstrate whether the welds 
produced any useful degree of ductility. 
It is quite likely that many of our speci- 
mens would have had a much greater 
ductility had they been tested weld up. 
Unfortunately one cannot rely on this as 
an evidence of quality, since a welded 
area may, in service, be loaded either in 
tension or compression, as determined by 
the design, and not by the wish of the 
welder. 

The authors are gratified at the inter- 
est shown in the paper and hope that 
others will be moved to improve upon 
what has so far been recorded. 
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THE CORROSION-FATIGUE PROPERTIES OF SOME HARD LEAD 


ALLOYS IN SULFURIC ACID! 


SYNOPSIS 


_ The fatigue properties of pure lead, tellurium lead, 1 per cent antimonial lead — 
and commercial storage battery lead were determined on a rotating beam ma-— 
chine of the cantilever type at 1785 rpm. The endurance limits of these four 
materials were determined: (a) inair, the specimens being coated with petroleum 
jelly, (6) in 38 per cent sulfuric acid, the acid being applied to the specimens by — 
dripping, and (c) in air after the specimens had been previously corroded in sul- 
furic acid while stress free. The endurance limits obtained in (a) checked 
many of those already reported in the literature, all tested at high speed. | 
From the results obtained it was concluded that the corrosion-fatigue resist- 
ance of these alloys in sulfuric acid is a running balance between fatigue 
strength and corrosion resistance. There was good correlation between the 
results in (a) and (c), but not with (6). This shows that if the corrosion and 
cyclic stress occur simultaneously damage is to be expected. 

The mechanism of corrosion-fatigue action in lead and lead alloys in sul- 
furic acid was examined. It is believed that the PbSO, film is opened up over 
the underlying grain boundaries by elastic deformation of the grains and by 
the tendency of the lead to recrystallize. This allows the acid to attack the 
grain boundary creating a notch. Once the notch has started, the corrosion- 
fatigue crack is propagated intergranularly near the surface by notch action, 
it being shown that lead is extremely susceptible to notch action at the speed 
studied. It is felt that the “breathing” action in the crack during cyclic 
stressing probably also contributes to the crack propagation but in a minor 
way. Experimental evidence is offered in support of these proposals. = 


With the development of the modern 
high-capacity lead-lead oxide storage 
cell it became necessary to increase the 
amount of active material on the plate 
at the expense of the amount of metal in 
the supporting grid. By cutting down 
the size of the supporting metal grid the 
plate becomes much more susceptible to 
failure by buckling, corrosion, and per- 
haps even creep. In the investigation 


! This paper is part of a thesis submitted by the author 
» the graduate faculty at Purdue University, Lafayette, 
Indiana, in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy. 
_* Assistant Professor a Chemical Engineering, The 
hiversity of Tennessee, Knoxville, Tenn. 
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of new alloys for storage battery service 
it was customary to determine their 
resistance to the sulfuric acid electrolyte 
by means of some type of labora- 
tory corrosion test. What part fatigue 
stresses’ and creep, either alone or in 
combination with corrosion from the 
battery acid, play in the performance of 
the metal grids is unknown. The fact 


* Fatigue stresses in battery grids may arise in several 
ways: by the motion of the plate due to external vibrations; 
by the expansion and contraction of the plate caused by 
volume changes in the active material during charge and 
discharge; or by expansion and contraction of the plate 
due to variations in temperature. 
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that automotive starting battery per- 
formance tests in automobiles usually 

do not correlate with the performance 
tests of similar batteries in the labora- 
tory suggests that corrosion-fatigue of 
the metal grids may be a contributing 
cause. The lack of similar fatigue 
stresses in the grids of storage batteries 
in stationary installations may also 
help to account for their long life as 
compared with the comparatively short- 
lived automobile battery, it being reason- 
able to expect that the effect of creep 
will be about the same in both cases. 


THE COoRROSION-F ATIGUE 


The fact that lead and its alloys are 
extensively used for cable sheathing, a 
use much subject to the combined action 
of corrosion and fatigue has accounted 
for most of the published work on lead. 
The most extensive work has probably 
been done by the British Non-Ferrous 
Metals Research Association under 
Waterhouse (7, 30)‘ and the Engineering 
Experiment Station of the University of 
Illinois under Moore (18, 19). The 
earliest work was that of Jewett (17) who 
in 1909 studied the effect of vibration on 
cable sheaths of varying composition. 
Several theories were advanced by 

_ the earlier workers to explain the inter- 
crystalline cracking of lead cable sheath. 
Archbutt (3) showed that impurities in 
the lead were not the cause, while Raw- 
don (22, 23) disproved the idea that the 
“embrittlement” of lead in certain solu- 
: tions was caused by an allotropic change. 
_ Apparently Beckinsale and Waterhouse 


This investigation was undertaken to 
determine: (a) the reduction in fatigue 
strength of pure lead and several of its 
common alloys when corrosion in battery 
acid is combined with fatigue, (6) the 
straight corrosion rate of these alloys 
in battery acid, and (c) the correlation, 
if any, between (a) and (6). The ob- 
servations made during this investigation 
led to an examination of the mechanism 
of corrosion-fatigue action of sulfuric 
acid on lead and lead-rich alloys. Notch 
sensitivity of pure lead was also studied. 


oF LEAD—PREVIOUS WoRK 


(7) were the first to prove that the inter- 
crystalline failure of lead cable sheath 
was due to fatigue. Haigh and Jones 
(16) studied the corrosion-fatigue of lead 
and suggested that the atmosphere, or 
principally its oxygen, played a very 
important part in the fatigue of lead and 
its alloys. This effect of the oxygen in 
the air on the fatigue of lead was proven 
conclusively by Gough and Sopwith 
(12, 13) who found lead to be extraor- 
dinarily susceptible to this “air-effect.” 
They thereupon pointed out that any 
fatigue test of lead run in air thus be- 
comes, in actuality, a corrosion-fatigue 
test. None of the above recognized that 
due to the presence of creep the fre- 
quency of stress cycles is a major factor 
affecting the endurance limit of lead as 
has been demonstrated by Moore and 
colleagues (18, 19). 

Very little information is available on 
the effect of specific corrodants on the 
fatigue properties of lead and its alloys. 


EXPERIMENTAL WorK 


Materials: 


In addition to commercial storage 
battery lead, pure lead and two of its 


* The boldface numbers in parentheses refer to the list 
- f of references appended to this paper, see p. 649. 


common alloys were chosen for this 
investigation. The compositions of all 
four materials are shown in Table I. 
The electrolytic lead was obtained from 
the Eagle-Picher Lead Co. The 1 per 
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TABLE I.—ANALYSIS OF ALLOYS USED IN CORROSION-FATIGUE STUDY. 


Element, per cent 


Fe Cu Te Ag Bi Pb 


Electrolytic Lead ( (marked Pb) 


ens | 0.0042 | nil 0.0015 | 0.008 0.0003 | 0.0016 | balance 
Tellurium Lead (marked Te)... ..| 0.007 ia 0.063 | 0.050 | 0.007 balance 
— Battery Lead (marked 9Sb).. .| 9.36 | 0.047 | 0.434 | 0.0006 0.020 balance 


Includes tin. 


cent antimonial lead was made by melt- 
ing electrolytic lead and c.p. antimony 
together in a covered graphite crucible 
under powdered charcoal. The  tel- 
lurium lead was obtained from the Na- 
tional Lead Co. and the storage battery 
lead from the Globe Battery Co. 

The sulfuric acid used in the corrosion- 
fatigue tests was c.p. acid diluted with 
distilled water to a 38 per cent solution. 
This is a specific gravity of 1.300 cor- 


.—Specimen in the Chucks. 


responding to the acid concentration in a 
fully charged storage battery. 


Fatigue Testing Machine: 


Because of the low mechanical proper- 
ties of lead, principally low tensile 
strength, almost negligible yield 
strength, and low hardness, it is a diffi- 
cult material to handle in fatigue testing. 
These difficulties have not been suffi- 
ciently emphasized in most published 
work on the fatigue of lead. Its ten- 
dency to recrystallize spontaneously at 
room temperatures after stressing neces- 
sitates the greatest care in handling the 
specimens and influences the type of 
testing machine that can be used. A 
review of the literature showed that al 
of the fatigue tests on lead reported b 
the English investigators, Beckinsale and 
Waterhouse (7), Haigh and Jones (16), 
Gough and Sopwith (12, 13) had been 
performed on a Haigh machine (11) 
while some tests on a Wohler machine 
(11), some on a repeated bending ma- 
chine (19), and some on a rotating-beam 
machine of the McAdam type (28) have 
been described. Of these, the Haigh 
and Wohler machines hold the specimens 
either in screw-in type chucks or by 
means of a locking screw, necessitating 
the machining of threads on the lead 
specimens which is a difficult job. No 
machine was available and the one which 
was finally evolved was a modified form 
of the canteliver beam machine with 
drill-type locking chucks. It was soon 
found, however, that these locking 
chucks would not grip the lead satis- 
factorily because of its softness, the 
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chuck jaws biting into the lead resulting 
in poor alignment and allowing the speci- 
men to work loose. 

This was overcome by substituting a 
collet chuck at the motor, the greater 
area of contact between the collet and 
the specimen eliminating any tendency 
to work loose. 


Fic. 2.- 

The finished machine in the form in 
which it was used to obtain the data in 
this paper need not be described here. 
Use of a collet chuck on the floating end 
was not found to be feasible but it was 
found that the locking chuck would hold 


5 It might be expected that this circumferential contact 
of the grips with the specimen would give rise to an un- 
known stress concentration with resulting fretting actien 
at the edge of the grip which would cause failure of the 
specimen at that point rather than in the reduced section. 

his tendency has not been observed in any of the speci- 
mens although some were run to 56,000,000 cycles. 
Fractures all took place in the reduced section except for 
defective specimens. See typical fractures in Fig. 10. 


the lead specimens satisfactorily if they 
were fitted on that end with a press-fit 
split steel collar’ (Fig. 1). 
Corrosion-Fatigue Tests: 


For the corrosion-fatigue tests the 
specimen was enclosed by a small sheet 


lead chamber (Fig. 2) arranged so that 


Specimen Arranged for Corrosion Fatigue Test. 


the sulfuric acid could be dripped onto 
the center of the reduced section. The 
acid was stored in a gallon bottle and 
fed to the specimen by gravity, the flow 
being regulated by a pinch cock to about 
30 drops a minute. To keep the acid 
from running along the specimen and 
getting outside the chamber the speci- 
men was fitted with rubber rings at 
each end of the reduced section (Fig. 2). 
After contact with the specimen the 
acid was drained into a bottle on the 
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floor and returned to the storage bottle 
as necessary. Fresh acid was used for 
each alloy. 


Procedure: 


The alloys, excepting 1Sb, were re- 
ceived in the form of pigs. The pigs 
were chopped into small pieces with a 
broad face chisel and a sledge hammer. 
These pieces were then cleaned on all 
faces with a coarse file, immersed in hot 
20 per cent nitric acid solution, rinsed 
in distilled water and dried in air. They 
were then immediately melted down in 
graphite crucibles with tight-fitting 
covers under a layer of powdered char- 
coal in a muffle type resistance furnace 
held at 850 F. by a Leeds & Northrup 
potentiometric controller. tempera- 


Fic. 3.—Standard Fatigue Specimen. 


ture of 850 F. was chosen because it is a 
representative commercial casting tem- 
perature for storage battery grids (29). 
3efore pouring, the alloys were drossed 
with a piece of charred wood and im- 
mediately cast into graphite molds at 
350 F. which had been preheated in an 
idjoining furnace. After solidification 
all ingots were transferred to a drying 
oven where they were aged 48 hr. at 
320 F. The reason for this over-aging 
will appear later. The 1-in. round 
igots of pure lead (Pb), tellurium lead 
Te), and 1 per cent antimonial lead 
ISb) were then forged down by hand to 
round bars 3 in. in diameter and ma- 
hined to fatigue specimens. The 3-in. 
ingots of storage battery lead (9Sb) were 
machined directly after aging with no 
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further treatment. The dimensions of 
the fatigue specmens are shown in Fig. 
3. The machining of these specimens, 
particularly the pure lead, is a difficult 
problem. Because of low mechanical 
properties great care must be taken to 
avoid transverse bending of the speci- 
men at the reduced section during prep- | 
aration. This bending, if it occurs, 
results in nonuniform recrystallization 
in the reduced section resulting in un- 
reproducible values in the fatigue test. 
The sequence of operation in preparing — 
the specimens was as follows: 

1. Rough machine to 0.5 + 0.02 in. 

2. Cut reduced section with radius 
turning tool. 

3. Carefully polish reduced section by 
hand using successively finer grades of 

_ metallographic paper with light oil.® 
_ 4, Finish machine ends of specimen to 
0.5 in. using only very light cuts. . 

5. Cut to length. 

6. Finish polishing reduced section — 
with an ordinary paper towel. 

7. Clean specimen in benzol. 

8. Coat heavily with petroleum jelly 
and store in desiccator until used. 

It was found impossible to machine 
and polish the reduced section to the 
same dimension on all specimens, hence 
the actual diameters at the reduced 
section (used in the computation of the 
stress at the outer fibers) varied from 
0.300 in. to 0.330 in., and had to be de- 
termined individually for each specimen 


when tested. 


From the first endurance curves ob- 
tained, that is, those for pure lead and 
storage battery lead, it was obvious that 
apparently identical specimens of the 
same material prepared at different 
times or tested at different intervals of 


Aging of the Alloys: 


* Each successively finer paper was used at right angles 
to the preceding one. The order was so arranged that the 
final set of scratches ran longitudinally. 
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CYGLES TO FAILURE 
Fic. 4.—Effect of Aging on the Fatigue of Pure Lead. 
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GYGLES TO FAILURE 
Fic. 5.—Effect of Aging on the Fatigue of Storage Battery Lead. 


time after preparation gave different 3. Aging effects, either as normal age 

results (Figs. 4 and 5). This divergence hardening or as strain aging during test- 

may have been due to any of three _ ing. 

causes: Since all specimens of each analysis 
1. The presence of varying amounts came from the same pig of material and 

of impurities, were treated in an identical manner with 
2. Nonuniform recrystallization after due precautions to avoid any bending 

forging and machining, or during machining or handling, reasons 
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1 and 2 seemed unlikely. Hence, it 
appeared that aging effects were the 
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ties of lead by Greenwood, Russell, and 
collaborators (14, 15, 24, 25, 26) has 


most probable cause of the inconsistent shown: 


results, it being well known that small 


1. Exceedingly small amounts of im- 
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Fic. 6.—Fatigue Curves for Pure Lead. 
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Fic. 7.—Fatigue Curves for Tellurium Lead. 


mounts of impurities, including dis- 
solved gases, can cause such aging 
fects. An extensive investigation into 
the influence of impurities on the proper- 


wwe 


purities, probably not exceeding 0,004 
per cent, may be effective in causing age 


hardening in lead. 


2. Vacuum cast lead is less susceptible 
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to aging effects than air cast lead of the From these conclusions it seemed prob- 
same purity. able that the irregular results obtained 
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Fic. 9.—-Fatigue Curves for Storage Battery Lead. 


3. Small amounts of impurities greatly in the first fatigue tests were due to 
restrict the recrystallization of lead after aging effects. To counteract this ir- 
working. regular aging all alloys were over-aged 
_ 4. Prior annealing at 347 F. for as for 48 hr. at 320 F. immediately after 

- little as 1 hr. also slackens the rate of casting. This resulted in good repro- 
recrystallization after working. _ ducibility of tests on specimens from the 
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TABLE. II.—ENDURANCE LIMITS OF SOME LEAD 
ALLOYS WHEN TESTED IN AIR AT 
1785 RPM. 


Tellurium lead 600 psi. 
1 per cent antimonial lead.......... 860 psi. 


Storage battery lead............... 2 050 psi. 


same melt run several months apart and 
even on specimens from different melts 
of the same composition, even though it 
does not similate the conditions under 
which commercial battery grids are aged. 
Electrolytic Polishing: 

With the publication of numerous 
articles dealing with electrolytic polish- 
ing (9, 21) of metallographic specimens, 
it seemed this might be an ideal method 
for preparing a polished surface on the 
reduced section of the soft lead which 


TABLE III.—THE ENDURANCE LIMIT AS R 


was difficult to produce by ordinary 
methods. Experiments proved that it 
was possible to develop a scratch-free 
polished surface. However, the speci- 
mens which were electrolytically polished 
as the final step before testing lost all 
resistance to fatigue and hence could 
not be used in this work. 


RESULTS 
Fatigue Tests: 


The endurance limits of the four 
alloys when tested in air as determined 
from their S-N curves (Figs. 6 to 9) 
are shown in Table IJ. These results 
are consistent with endurance limits 
on similar alloys published by other 
investigators as shown in Table III. | 


EPORTED BY VARIOUS INVESTIGATORS. 


a Analysis of Type of Speed, Endurance Limit | Refer- 
Investigator Lead Treatment Machine rpm. in Air, psi. ence 
Pure Leap 7 
{| rolled Haigh | 2 000 340 7 
|| extruded Haigh 2 000 360 7 
Beckinsale and Waterhouse . 99.99% extruded, an- Haigh | 2000 400 7 
| nealed 1. hr. 
\ at 250 C. | 
Dunsheath commercially extruded (?) transverse de- we 400 7 
pure flection on 
sheet 
Haigh and Jones........... Haigh 2 000 430 16 
ough and Sopwith........ 99.99% extruded Haigh 2 000 340 12 
Chaston Wohler : 420 8 
lownsend and Greenall 100 .00°% extruded, 1 McAdam 700 215 28 
month old 
Ono 99 .9914% forged, self an- 87.4 20 
nealed 
commercial 700 700 (10 000 2 
Joseph Lead Co......... jeaiael 865 | 725 (10 000 000 2 
| (0.066% Cu) cycles) 
American Smelting and Refin- 
ing Co. acid lead R. R. Moore 809 (10 000 000 1 
(0.066% Cu) | cycles) | 
ANTIMONIAL LEAD 
rolled Haigh 2 000 1 300 7 
Beckinsale and Waterhouse. . extruded, aged1 Haigh 2 000 1 240 7 
hr. at 250 C. 
fownsend and Greenall. .. extruded, 1 McAdam 709 309 to 450 28 . 
month old 
extruded transverse de- 1 240 7 
flection on | 
sheet 
Joseph Lead Co......... 0.75% Sb a 700 | 1200 (10 000 009 2 
| cycles) 
‘TeLturium Leap 
St. Joseph Lead Co..........| 0.045% Te 865 | 1000 (10 000 000 2 
cycles) 
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Many of these reported results are 
questionable due to scatter of the points 
on the curves and to the fact that an 
insufficient number of specimens were 
run to define adequately the S-N curve, 


Pb Te 1Sb 9Sb 


Fic. 10.—Typical Fractures. 


Te 
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Typical Fractures Showing Grain Size. 


not to mention the fact that creep has 
an increasingly important effect on the 
endurance limit as the cyclic speed is 
reduced (19). 

All specimens in the present investi- 
gation broke with the characteristic 
“brittle” fracture as shown in Figs, 
10 and 11. At high loads some plastic 
deformation occurred near the break, 
These fractures in the pure lead, tel- 
lurium lead and 1 per cent antimonial 
lead were intergranular in character (at 
least at the outer edge). In the storage 
battery lead the path of the fracture cut 
straight across the specimens (Fig. 19) 
and hence was probably transcrystalline. 


Corrosion-Fatigue Tests: 


The corrosion-fatigue limits of the 
four alloys in 38 per cent sulfuric acid, 
as determined from their S-N curves 
(Figs. 6 to 9 incl.) are shown in Table 
IV. ‘The results on the pure lead seem 
to check the opinion held by Gough and 
— ith, McAdam and others (4) d that 
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there is no such thing as a corrosion- 
fatigue limit. It has been impossible 
to find any published data on the fatigue 
properties of these alloys in sulfuric acid 
and hence no comparison data can be 
ofiered. These fractures were also inter- 
granular at the surface. All specimens 
were covered with a dull gray film of 
lead sulfate when removed from the 
machine after test. 


Stressless Corrosion Tests: 


The results of a stressless corrosion 
test in aerated 38 per cent sulfuric acid 


TABLE IV.—CORROSION-FATIGUE LIMITS OF SOME 
LEAD ALLOYS TESTED IN 38 PER CENT 
SULFURIC ACID AT 1785 RPM 
Pure lead... 0 (70 000 cycles) 


Tellurium lead 400 psi. 
740 psi. 7 
1 850 psi. 


1 per cent antimonial lead. 
Storage battery lead 
TABLE V.—STRESSLESS CORROSION TESTS ON 
SOME LEAD ALLOYS IN 38 PER CENT 
SULFURIC ACID. 
Corrosion Rate Expressed 
as Change in Weight, 
g. per g. (X 104),* 
average for two 
specimens each 


+0.16 
Tellurium lead +0.78 
1 per cent antimonial lead. . +0.53 
Storage ud lead —1.41 


‘Due to the irregular shape of the specimens it was 
possible to measure their area and hence their corrosion 

tes could not be expressed in the more customary units 
inches of penetration per year.”’ 


are shown in Table V. In this test, the 
ends of broken fatigue specimens were 
thoroughly cleaned and suspended on 
glass hooks in beakers containing 38 
per cent acid. ‘The beakers were placed 
ina thermostat held at 77 F. The acid 
in the beakers was thoroughly agitated 
during the entire test by means of an 
air jet. The specimens remained in the 
acid for one week. All specimens were 
covered with a gray lead sulfate film 
upon removal from the acid. It is 
impossible to determine corrosion rates 
in any kind of an immersion test with a 


great degree of reproducibility. The 
results in Table V are not to be rega rded- 
as absolute but merely as showing the 
relative order in which these four mate-— 
rials are attacked by 38 per cent sulfuric. 
acid. Similar tests at other tempera-— 
tures and in other concentrations of acid 
by the authors’ students show seid 
results to be typical. 


Stressless Corrosion Followed by iin 


To determine whether stressless cor-— 
rosion in the battery acid followed by 
fatigue in air might not damage the 
alloys as much as the simultaneous 
action of corrosion and fatigue, a series 


of fatigue specimens of each of the four 
alloys was corroded for one week at 77 


F. in 38 per cent sulfuric acid. The 


TABLE. VI. 
ALLOYS TESTED IN AIR AT 1785 RPM. 
AFTER STRESSLESS CORROSION IN 
38 PER CENT SULFURIC ACID. 
Pure lead. 475 psi. 
Tellurium lead. . 
1 per cent antimonial lead. . 
Storage battery lead. 


1 200 psi. 
2 050 psi. 


“Results on the tellurium lead are to be regarded with 
suspicien because only four specimens were available. 


ENDURANCE LIMITS OF SOME LEAD 


1 300 psi. 
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acid was thoroughly agitated with ie 


during the corrosion. 
were removed from the acid, 
with soap and water, dried, and the 
S-N curve determined on each series’ 
(Figs. 6 to 9). The results are shown in. 
Table VI. All fractures, with the ex- 
ception of the storage battery lead, were 
found to be intergranular at the surface. 
The storage battery lead broke sharply 
with a single crack perpendicular to the 
axis of the specimen. ‘The specimens of 


the first three alloys that were tested 
at loads where appreciable plastic de- 
formation occurred in the neighborhood 
of the fracture showed evidence of rup- 
ture of the sulfate film over the grain 
boundaries, although the film over the 
grains was undamaged (Fig. 22). 


The specimens 
washed 
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Notched-Bar Fatigue Tests: 


As will be described later, the notch 
sensitivity of the pure lead was also 
determined at 1785 rpm. It was found 
that the fatigue limit of pure lead was 
only 170 psi. (Fig. 12) when the specimen 
had a reduced section formed by a 60- 
deg. V notch cut by a standard thread- 
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tory test given all prospective storage 
battery alloys under investigation in the 
manufacturer’s laboratory. However, a 
survey of five leading battery manu- 
facturers disclosed that all of them had 
given up laboratory testing of new alloys 
in favor ef actual performance tests, 
using the alloys cast into battery grids, 
The reason for this has been complete 


\ 


| 
le 3% 4° 
Fic. 13.—Notched Fatigue Specimen. The 


- Radius at the Bottom of the Notch was Unde- 
termined. 


ing tool (Fig. 13) instead of the polished 
“reduced section with a 2-in. radius as 
used on all other tests. 
Commercial Tests: 

It was originally planned to have a 
—— of storage batteries give 
‘on same alloys the identical labora 


CYCLES TO FAILURE 
Fic. 12.—Effect of Notches on the Fatigue Strength of Pure Lead. 
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lack of correlation between laboratory 
tests and performance tests either in 
car service or on a laboratory scale. 
The significance of this will be pointed 
out later. 


DISCUSSION 


Correlation of the Different Tests: 

The corrosion resistance of lead to 
sulfuric acid is dependent upon the main- 
tenance of the protective sulfate film. 
An examination of the changes in weight 
during the stressless corrosion test (Table 
V) shows that the first three alloys gained 
weight and the last alloy lost weight. 
Interpreted in terms of film formation, 
this means that the pure lead, tellurium 
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lead, and 1 per cent antimonial lead built 
up protective films against the acid while 
the storage battery lead could not form 
a permanent film. The pure lead 
showed the smallest change in weight, 
the 1 per cent antimonial lead next, and 
the tellurium lead the most. Hence 
the pure lead probably had the thinnest 
protective film, which in a static cor- 
rosion test protected it amply against 
attack. In corrosion-fatigue this pro- 
tective film offers so little resistance 


3000 
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ratio, 0.87. Considered on this basis, 
this alloy is least damaged by combined 
cyclic stress and corrosion in 38 per cent 


sulfuric acid. The storage battery lead, 
while unable to build up a permanent 
protective film against the acid still 
has a high enough fatigue limit and 
sufficient resistance to the acid to give a 
corrosion-fatigue to fatigue ratio about 
equal to that of the tellurium lead. 
Considered from this standpoint, one 
is led to the conclusion that the corro- 
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against the acid that it affords no pro- 
tection, and in addition the fatigue 
strength of the lead is so poor that it is 
unable to carry any load under corrosion- 
fatigue. The tellurium lead combines a 
somewhat better fatigue strength with 
a much thicker protective sulfate film 
to give a corrosion-fatigue strength of 
400 psi. The ratio between corrosion 
fatigue and fatigue limits is 0.76. The 
1 per cent antimonial lead has the best 
combination of protective film and 
latigue strength to give the highest 
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CYCLES TO FAILURE 


Fic. 14.—Fatigue Curves for Lead Containing 1.0 per cent Tin and 0.1 per cent 
Magnesium. 
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sion-fatigue strength of these alloys is a 
balance between corrosion resistance and 
fatigue strength. Neither one deter- 
mines it alone. 


Variables in Fatigue Testing A pplicable id 
to this Work: 


Many of the difficulties in comparison 
of the alloys arise because of their widely 
different physical, mechanical, and chem- 
ical properties. The tensile strengths 7 
of the alloys vary from Jess than 2000 
psi. for the pure lead to 7600 psi. for the. 
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storage battery lead (29), while even 
such a property as recrystallization time 
at room temperature following cold 
working varies from 25 to 35 sec. for the 


Region of the Corrosion-Fatigue Failure of Pure 
Lead. Etched with Ammonium Molybdate 
(X 11). (Reduced to 0.8 size in reproduction.) 


Fic. 16. 
granular) on the Surface of Pure Lead in the 
Region of the Failure (Right Edge): Etched with 
Villelas Reagent, 1 part HNO,, 1 part Glacial 
Acetic Acid, 4 parts Glycerine (X 11). (Re- 
duced to 0.8 size in reproduction.) 


Corrosion-Fatigue Cracks (Inter- 


pure lead to probably days for the tel- 
lurium lead (5), short recrystallization 
times for these alloys usually being 
associated with a tendency for coarse 
grain size and vice versa. 


For strictly comparable results the 
grain size of all specimens should have 
been the same although it is generally 
held that grain size has little effect on 


Fic. 17.—Cross Sgction of Fatigue Fracture 
in Tellurium Lead. Fracture Follows Old Grain 
Boundaries; Recrystallization is Incomplete 
Etched with Ammonium Molybdate (X 11). 
(Reduced to 0.8 size in reproduction.) 


Fic. 18.—Whit g ‘ und Outer 
Edge of Corrosion-Fatigue Fracture in Storage 
Battery Lead. Unetched, Vertical Illumination 
(X 2.5). 


fatigue strength (4). This was an ob- 
vious impossibility because of the inter- 
ference of alloying elements on the de- 
velopment of an equilibrium grain size. 
The pure lead developed a relatively 
large grain size (Fig. 16), the 1 per cent 
antimonial lead an intermediate grain 
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size, the tellurium lead a fine grain size 
(Fig. 17), while the storage battery lead 
can only be said to have had a fine 
structure (Fig. 19) because of the hetero- 
geneity of its structure. It was desir- 
able, but impossible, to determine the 
grain size on each specimen because of 
experimental difficulties. The pure lead 
showed a larger grain size in the region 
of fracture after testing. . This is because 


of grain growth during the self-anneal 
immediately following the fracture and 


Fic. 19.—Transcrystalline Corrosion-Fatigue 
Surface Crack near the Failure (Left Edge) in 
Storage Battery Lead. Etched with Glacialace- 
tic Acid + H,O2 (XK 11). (Reduced to 0.8 size 
in reproduction. ) 


is caused by the stressing during the test 
and by plastic deformation occurring at 
the moment of fracture. 

The effect of the aging treatment used 
probably raises the fatigue strength as 
shown by Beckinsale and Waterhouse 
7) who found that, “... previous an- 
nealing in practically all cases retarded 
the failure by combined stress and cor- 
rosion.”” The aging treatment may 
either increase or decrease the time of 
recrystallization, according to Beck (6), 
depending upon the manner in which 
the aging treatment was performed. 
Overaging, as done here, lengthens 
recrystallization time considerably, may 
affect the endurance limit, and certainly 
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does not reproduce commercial practice — 
where the grids are aged at room tem- 
perature. In the pure lead the endur- 
ance limit seems to be the same for the 
various aging treatments although the 
initial portions of the endurance curves 
are different. This is not true for the 
storage battery lead. The difference 
probably arises from the fact that the 
mechanism of aging in the pure lead is a 
relatively simple process while in the 
storage battery alloy the aging must be a 
complex process due to the relatively 
large amounts of impurities and the 
fact that both ends of the lead-antimony 
system show decreasing solid solubility 
with temperature. Thus the final state 
of aggregation and hence the mechanical 
yroperties would depend upon the man- 
ver of aging. 

The manner in which the fatigue speci- | 
mens are worked influences their re- 
sistance to cyclic stress (see Table III). 
The hand forging used on these alloys 
lacks the uniformity of any type of 
mechanical working and undoubtedly 
results in a nonuniform recrystalliza- 
tion and grain size. Machining stresses 
or the relief of forging stresses during the 
machining may be of importance also. 
Alloy 9Sb, the storage battery lead, 
being unworkable, was tested in the— 
cast form, further invalidating com-_ 
parisons. 

The treatment given these alloys is” 
probably intermediate between a treat-— 
ment that would give better results all — 
around and a treatment designed to 
give the poorest possible results. Thus, 
coating the specimens with grease while 
determining the fatigue strength in air 
delays free access of air to the surface 
of the specimen and this, according to 
Haigh and Jones (16) is apt to raise the 
fatigue limit of lead although Gough and 
Sopwith (12) do not agree. But the 
coating of grease does keep the surface 
bright and free from atmospheric attack, 
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particularly during the longer runs. 
Haigh and Jones also found that the 
effect of corrosion on the fatigue strength 
varied considerably with the manner 
in which the corroding agent was applied 
to the specimens. Total immersion in 
the corrodant seemed to keep the speci- 
men cooler and hence it generally raised 
the fatigue strength although total 
immersion also prevents free access of 
air to the surface which is necessary for 
maximum corrosion. Application of the 
corrodant by wick action or in droplets 
presumably did not cool the specimen as 
much and hence did not give a fatigue 
strength much different from that ob- 
tained in air. 

The effect of creep has been entirely 
neglected in this paper. As Moore and 
co-workers have shown (18, 19), creep 
is a very important factor in the fatigue 
testing of lead. To evaluate its effect, 
tests must be run at a number of dif- 
ferent cycle frequencies. It is hoped to 
continue this work and run such a series 
of tests after the war. 

The author also realizes that a cycle 
frequency of 1785 per minute does not 
necessarily reproduce the frequency of 
the cyclic stressing occurring in automa- 
tive or other batteries during use. 


Application to Grid Alloys for Batteries: 


From the fact that 9 per cent anti- 
monial lead is the most widely used 
alloy for acid storage cells, it is possible 
to deduce by inference from the above 
results and other sources’ the properties 
that an alloy must have to be used suc- 
cessfully as a grid material in a storage 
battery. These properties are: 

1. Castability. It must be possible 
to cast the alloy into the intricate grids 
‘in an automatic machine. 


7 Chiefly private correspondence from various battery 


J. 


manufacturers. 
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2. Pastability and formability, so that 
the active material may be pasted into 
the grids and the plates formed there- 
from. 

3. A fatigue limit in air of probably 
at least 1500 psi. with a corrosion-fatigue 
limit in battery acid at least 75 per cent 
of the limit in air.*® 

4. An adequate corrosion resistance 
so that the battery acid will not be con- 
taminated by materials from the grids, 
thus causing short life or self-discharge. 

The 1 per cent antimonial lead alloy 
whose ratio of fatigue limit in air to 
corrosion-fatigue limit in the battery 
acid is nearly unity is an interesting 
case. It is not a satisfactory alloy for 
automotive battery grids because it does 
not meet the first two requirements 
stated above but its fatigue and corro- 
sion-fatigue properties, while somewhat 
lower than seems necessary, indicate that 
it should be a satisfactory grid alloy. 
Schaefer (27) cites unpublished tests to 
prove it gives very satisfactory per- 
formance as a grid alloy. 

Similarly, Schaefer (27) cites tests on 
an alloy composed of 1 per cent tin, 0.1 
per cent magnesium, balance lead, that 
showed outstanding properties as a 
grid alloy in laboratory cell tests but 
failed utterly in an automotive battery. 
Batteries with this alloy as the grids 
showed only 30 to 40 per cent of the 
life of standard batteries and failed by 
intergranular disintegration of the grids. 
The fatigue limit of this alloy in air (Fig. 
14) was found to be 1550 psi., while its 
corrosion-fatigue limit in battery acid 
is only about 650 psi. This shows the 
need of an adequate corrosion-fatigue 
strength in battery alloys. 


8 Using a cycle frequency of 1785 per minute as em- 
ployed here. Lower cycle frequencies would probably 
reduce these values because of creep. 


q 
| Eff 
L 
met 
cor 
tha 
is 
ture 
uns 
def 
lon 
owl 
har 
] are 
fat 
cyc 
7 
the 
ma 
side 
sta 
tec 
| lea: 
Pb 
| lay 
the 
bei 
qui 
1 ert 
is 
gre 
at 
sul 
po 
gre 
loa 
Str 
| the 
do 
Pk 
gr 
pr 
WC 
rec 
ot! 


- MECHANISM OF CORROSION-FATIGUE ACTION IN LEAD _ 


Effect of Recrystallization: 


Lead differs from all other common 
metals upon which much fatigue and 
corrosion-fatigue data are available in 
that when tested at room temperature it 
is above its recrystallization tempera- 
ture. This means that the structure is 
unstable to the degree that the smallest 
possible applied load will cause plastic 
deformation if applied for a sufficiently 
long time. The creep of lead under its 
own weight and its inability to be work 
hardened more than _ instantaneously 
are the results of this. It also affects 
fatigue testing, making frequency of 
cycles of stress a major factor. 

The structural instability caused by 
the low recrystallization temperature 
may influence corrosion-fatigue life con- 
siderably because of its effect on the 
stability and permanence of any pro- 
tective films that may be formed on the 
lead during corrosion. The film of 
PbSO,; when formed will form a uniform 
layer over the surface contiguous with 
the structure underneath. The film, 
being a chemical compound, will have 
quite different elastic and plastic prop- 
erties-from the lead itself. If the lead 
is then stressed in any manner the 
greatest concentration of stress will be 
at the grain boundaries which lie at the 
surface (as shown by the fact that 
polycrystalline materials buckle at the 
grain boundaries on the surface or per- 
haps very close to the surface, when 
loaded beyond the elastic limit). This 
stress concentration (it need not exceed 
the yield strength of the lead) will un- 
doubtedly cause rupture of the brittle 
PbSO, film in the areas lying over the 
grain boundaries. The stressing which 
produced the discontinuities in the film 
would also produce a tendency towards 
recrystallization, grain growth, or in 
other words, grain boundary migration 
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in the lead underneath. If recrystalliza- | 
tion does not, or cannot, take place upon 
stressing, there nevertheless exists a 
potential force of recrystallization. This 
potential force undoubtedly exists during — 

the cyclic stressing of lead. Specimens 
removed from the machine before failure 
has occurred and macroetched show 
recrystallization at the center of the 
reduced section. Since the recrystalliza-— 

tion force is present and is concentrated _ 

at the grain boundaries, the discontinu- 7 
ity of the protective lead sulfate film 7 

the grain boundaries is widened. Since 

the grain boundary material in any 
metal is the most active chemically 
and since this activity is probably in- 
creased by the recrystallization ten- 
dency, it is logical that the chemical 
attack on the lead by the sulfuric acid 
will proceed most rapidly at the grain 
boundaries since the sulfate film over 
the grain boundaries has already been 
extensively damaged by the cyclic 
stresses. Thus after a short period of 
cyclic stressing in the presence of sul- 
furic acid the grain boundaries at the 
surface of the lead will be corroded 
away, essentially producing a surface 
covered with fine notches. This is the 
initial stage. It is now necessary to d 
see how the corrosion-fatigue crack is , 
propagated. 


Propagation of the Fatigue Crack: 


The obvious method of crack propa- ( 
gation is by notch action, although it is 
customarily assumed that a soft material 
like lead which cannot be permanently { 
work hardened at room temperature 
does not exhibit notch sensitivity. It 
was observed at an early stage in this _ 
work that specimens with circumferen- 
tial tool marks or scratches failed by the 
formation of deep cracks at the root of 
each tool mark (Fig. 23). Thus it was 
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decided to determine the endurance 
limit on a series of specimens which, 
instead of having the usual 2-in. radius 
for the reduced section, had a 60-deg. V 
notch at the center, the diameter at the 
root of the notch being 0.30 in., approxi- 
mately the same diameter as the normal 


Fic. 20.—Intergranular Corrosion-Fatigue 
Cracks at Surface near Fracture (Right Edge) 
in Pure Lead Etched with Villela’s Reagent 
(X 50). (Reduced to 0.8 size in reproduction. 


Fic. 21.—Ring Around Outer Edge of Fatigue 


Fracture in Tellurium Lead Showing Where 
Intergranular Fracture Changes to Transcrys- 
talline. Unetched, Vertical Illumination 
specimen. As shown in Fig. 12, it was 


found that pure lead had a decided 
notch sensitivity, its fatigue limit with 
the 60-deg. V notch being only 175 psi. 
as against 430 psi. for specimens with a 
2-in. radius on the reduced section. 


MAcK ON CORROSION-FATIGUE OF LEAD ALLOYS 


In view of this pronounced notch 
sensitivity of lead, it is believed that the 
major portion of the propagation of the 
corrosion-fatigue cracks takes place by 
notch action, although other factors as 
described below contribute to the dam- 


Fic. 22.—Ruptures in PbSO, Film on Pure 
Lead in the Region of the Fatigue Crack. Speci- 
men was Corroded (Stressless) in 38 per cent 
H.SO, Before Fatigue Testing ( 20). (Reduced 
to 0.8 size in reproduction.) 


+ { 


Fatigue Cracks Formed in Circum- 
ferential Tool Marks in Poorly Polished Pure 
Lead Fatigue Specimen (X 20). (Reduced to 
0.8 size in reproduction.) 


age done by cyclic stresses when com- 
bined with corrosion. 

The fissures in the sulfate film and the 
intergranular cracks at the surface of 
the lead are opened during the tensile 
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pulse and closed during the compressive 
pulse as the specimen rotates. This 
opening and closing of the fissures with 
the attendant sucking in and subsequent 
expulsion of the surrounding liquid is 
known as “breathing action.” This 
breathing action undoubtedly also con- 
tributes to the propagation of the crack 
because the scouring action of the liquid 
in motion in the crack prevents the at- 
tainment of any chemical equilibrium 
in the crack. The breathing action may 
also suck off or break off minute pieces 
of the protective film and even particles 
of the metal itself, further damaging the 
lead. These particles of PbSO, and lead 
would, of course, exert a wedging action 
on the bottom of the crack if they were 
trapped in the crack during the com- 
pressive pulse. 

There is probably another action oc- 
‘urring during breathing which con- 
ributes to the damage and hence to the 
propagation of the crack. This breath- 
ing action occurs with considerable 
rapidity, since it takes only about 0.017 
sec. to go from the maximum stress in 
tension to the maximum stress in com- 
pression. Since the cracks open and 
close with such rapidity there must be 
considerable flash evaporation of water 
from the acid at the mouth of the crack 
as well as flash removal of dissolved per- 
manent gases, principally hydrogen and 
oxygen. As the crack closes, some of 
these gases will be expelled but some 
may be trapped during the compressive 
pulse. Water vapor might be con- 
densed in the crack by the pressure and 
exert wedging action while the per- 
manent gases might be forced into solid 
solution in the grain boundary metal or 
the substructure unit boundaries ad- 
jacent to it, embrittling the lead and 
making it more susceptible to notch 
action. That such dissolved gases can 
seriously affect lead is shown by the 
efiect of electrolytic polishing on the 
fatigue strength of the tellurium lead 
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mentioned previously. 


When polished 
electrolytically, the tellurium lead, whose 


normal fatigue limit in air was 600 psi., 
failed under 553 psi. load after only 
130,000 stress reversals. A similar effect 
has been described by Chaston (8). 
Although not investigated further the 
failure was probably due to solution of 
gas in the metal during electrolysis with 
subsequent embrittlement. This hypoth- 
esis is supported by the fact that two 
of these electrolytically polished speci- 
mens were tested 1 yr. after polishing 
when they were found to behave nor- 
mally and lie on the endurance curve. 

A somewhat similar explanation of cor- 
rosion-fatigue action has been advanced 
by Desch in the discussion of Gough 
and Sopwith’s paper (12). He suggests 
that “...oxygen or other chemically 
active agents” admitted during the 
tensile pulse are highly activated when 
compressed with resultant damage being 
of a chemical nature. Vernon in the dis- 
cussion of their next paper (13) disagrees 
and believes the damage results from the 
exposure of fresh, partially oxidized 
surfaces. 

The corrosion-fatigue cracks are prop- 
agated by the mechanisms described 
above until they have progressed far 
enough to reduce the cross-section of the 
specimen to such an extent that the 
specimen deflects sufficiently under the 
load to shut off the machine. It is of 
interest to note that the corrosion- 
fatigue failures of the lead, tellurium 
lead, and 1 per cent antimonial lead (all 
plastic materials) in sulfuric acid are 
characterized by fine _ intergranular 
cracks covering the surface of the speci- 
men near_ the point of failure (Figs. 15 
and 16). The failures never consisted 
of the single circumferential fracture 
that occurs in straight fatigue failure. 
Alloys like the storage battery lead 
could hardly be expected to develop an 
“intergranular” fracture because of their 
heterogenous structure. In addition, 
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the storage battery lead is probably 
brittle enough so that once the fatigue 
crack starts at the surface it will be 
propagated in transcrystalline manner 
(Fig. 19) by notch action alone. 
Corrosion-fatigue specimens of the 
various alloys examined some months 
after testing exhibited a white ring 
around the outside edge of the fractured 
surface (Fig. 18). Examination of this 
ring showed it to be PbSO, formed from 
the H:SO, which had slowly oozed out 
of the surface cracks into which it had 
penetrated during the test. The speci- 
mens had been thoroughly scrubbed 
with soap and water before storing. 


Character of the Corrosion-Fatigue Cracks: 


Corrosion-fatigue cracks propagated 
as outlined above should be fairly wide 
at the surface due to the scouring action 
during “breathing” and should taper 
down to fine cracks (intergranular in the 
plastic alloys) a short distance below 


From the preceding work the follow- 
ing conclusions seem justifiable: 

1. It is necessary to over-age lead and 
its alloys in order to get reproducible 
results in fatigue testing as shown in 
Figs. 4and 5. Lack of consistent aging 
is probably the cause of much of the 
discrepancy in the reported fatigue re- 
sults on lead and its alloys summarized 
in Table III. This over-aging does not 
reproduce commercial battery grid prac- 
tice, however. 

2. The results obtained for the fatigue 
strength of pure lead are fairly consistent 
with the values reported by other in- 
vestigators. The results obtained for 
the 1 per cent antimonial lead and the 
tellurium lead do not agree with previ- 
ously reported values although this may 
be due to aging effects or the effect of 
creep and consequent variation of en- 


the surface. Figure 20 shows that the 
cracks behave in this manner. As the 
crack progresses inward approaching 
the neutral axis of the specimen the force 
acting upon it during the tensile and 
compressive pulses is decreased; nor will 
the crack open as wide here as it does 
at its mouth. This should result in a 
decreasing tendency for the crack to 
follow the grain boundary. Thus at 
some point below the surface the crack 
will become transcrystalline rather than 
intergranular. The intergranular por- 
tion of the fracture will appear different 
than does the transcrystalline portion 
and hence a ring around the outside of 
the specimen marking the region of 
intergranular fracture will be visible. 
This ring is quite apparent on many 
of the fractured surfaces (Fig. 21). A 
similar ring has also been reported by 
Haigh and Jones (16) on lead specimens 
fractured in air. None of the straight 
fatigue fractures examined in this work 
showed such a ring. 


durance limit with frequency of cycles 
of stress. 

3. The corrosion-fatigue strengths of 
the four alloys in 38 per cent sulfuric 
acid are determined by a running bal- 
ance between corrosion resistance and 
fatigue strength. 

4. There is no correlation between 
fatigue strength in air, corrosion-fatigue 
strength in 38 per cent sulfuric acid, 
and stressless corrosion resistance as 
determined by loss of weight in 38 per 
cent sulfuric acid. There is a good 
correlation between fatigue strength in 
air and fatigue strength following stress- 
less corrosion in 38 per cent sulfuric acid; 
which indicates that corrosion and cyclic 
stress occurring simultaneously cause 
serious damage. 

5. Since the effect of corrosion-fatigue 
is variable in these four alloys, it is 
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logical to assume that it affects other 
lead alloys in similar variable fashion. 
Hence corrosion-fatigue is probably one 
of the variables that prevent correlation 
of laboratory and service tests on battery 
cells when the performance characteris- 
tics of new grid alloys are being in- 
vestigated. In at least one case, the 1 
per cent tin, 0.1 per cent magnesium 
alloy, a lack of adequate corrosion- 
fatigue strength was probably the chief 
cause of lack of correlation between 
laboratory and service tests in batteries 
with this alloy in the grids. 

6. A mechanism for corrosion-fatigue 
action of sulfuric acid on lead is pro- 
posed. It is proposed that the PbSO, 
film which normally protects lead against 
sulfuric acid is damaged in two ways by 
cyclic stress: (a) Its adherence is affected 
by the tendency of the lead to recrystal- 
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lize during stressing; (6) The i 
stresses open up cracks in the protective 
film. 

7. The pure lead tested was very 
susceptible to the notch effect, hence 
this is believed to be the chief factor in 
propagation of the fatigue crack. Breath-_ 
ing action due to stress reversal also’ 
may aid in propagating the crack. 

8. The intergranular character of the 
corrosion-fatigue crack at the surface 
in lead is explained as is the marginal — 
zone on the fracture. 
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ELECTRIC RESISTANCE STR AIN GAGE 
‘DU RES FOR STRUCTURAL TESTS ON SHIPS* 


— Ww. V. 
on 


Adoption of the electric resistance strain gage for studies of welding stresses 
E. : in structures has required development of techniques for obtaining consistent 

results under outdoor and workshop conditions. Gage stability is necessary 
over longer periods than in other applications. Strain gage procedures are 
ble _ described in this paper which have given results accurate within +500 psi. 


ery _ in many cases, even under the arduous conditions encountered when making 
153 "strain measurements on welded ships under construction. 

The two fundamental test methods are (1) to observe changes in strains 
ha due to operations producing stress in the structure, and (2) to measure re- 


Y,, laxation of plugs trepanned or cut out from the structure after the opera- 
_ tions are complete. The trepanning method has several advantages in 
shipboard work. 


nce 
on- For the accuracy required in structural tests, the resistance strain gage 
rts, and associated equipment are entirely satisfactory with respect to calibra- 


tion and response. The cement bond between gage and metal can follow 
even plastic strains. Sources of error in structural welding tests are local 
strain effects, creep in the cement, insulation leakage, poor electrical con- 
nections, and temperature effects. These errors are minimized by suitable 
- gage distribution, cementing and waterproofing techniques, rugged wiring 
and connections, and correct temperature compensation. On outdoor 
work it is preferable to make strain readings at night when temperatures 
are more stable. 

Wiring problems have been eliminated on several projects by devising a 
mercury pool connector for making contact directly with the gages. Several 
other devices and procedures have been developed to improve reliability of 
strain gage readings and calculations. 

In the investigation with which the author is associated, resistance strain 
gages have been applied to studies of welding stresses on subassemblies, 
ships under construction and completed ships; as well as structural models. 
Launching stresses have also been measured. 


The versatility and 
convenience of the electric resistance 
strain gage recommend it for many 
applications. In the form now most 


the resistance of a metal 


Also published in ASTM BuLetin, No. 134, May, is subjected. 


p.9. 


widely used it is also known as the 
bonded wire strain gage and depends 
for its functioning upon the fact that 


changes with the strain to which it 
The gage is composed 


ngineer, Development and Research 
Central Technical Dept., Bethlehem Steel C 
Shipbuilding Division, Quincy, Mass. 


of a length of approximately 0.001- 
in. diameter alloy wire bonded to 


~ | 


thin paper in a pattern to provide a 
total length subjected to strain equal 
to several times the gage length. 
When the gage has been cemented to 
a structural member, the wire grid 
is rigidly constrained to undergo the 
same relative elongation, either ten- 
sion or compression, as the material 
to which it is attached. The rather 
small resistance changes due to 
strain can be conveniently and accu- 
rately measured by as uitable adap- 
tation of the Wheatstone bridge cir- 
cuit. 


(a) Single element, 1376 


in. gage length. 


Figure 1 shows three gage types. 
The wire grid is generally covered 
with felt, as the illustration indi- 
cates, for protection and thermal in- 
sulation. The wires seen projecting 
from the felt are heavier leads at- 
tached to the grid of fine wire for 
making electrical connections. 

Bonded wire strain gages were first 
introduced in 1939. Their almost 
negligible weight and ability to 
follow extremely rapid strain varia- 
tions made obvious their applica- 
bility to dynamic tests ranging from 
aircraft flight testing (1)? to the 


to the list of references appended to this paper, see 
p. 666. 


2 The boldface numbers in parentheses refer 


(b) Three element rosette; gages at 
0, 45, and 90 deg. 


Fic. 1.—-Typical Resistance Strain Gages. 
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shock loads due to impact (2, 3, 4). 
As further development improved 
stability of the gages, a much more 
adequate stress analysis of aircraft 
fuselages and other structures 
through static testing was possible 
(5). In all of these cases the time of 
loading was too short for appreciable 
drift of the gage to occur, or drift 
could be checked by returning to 
the initial condition. 

The convenience of attachment 
and low unit cost of the wire strain 
gage made it a logical choice for the 


(c) Single element, Jg-in. gage 
length. (For special app ications.) 


several welding stress investigations 
(6) initiated, in part, by the struc- 
tural failures of some Liberty ships. 
Since in this work loading conditions 
generally cannot be repeated, the 
gages are required to remain stable 
over extended periods, usually under 
the difficult conditions of extremes 
in weather, interference from build- 
ing and outfitting work, and tight 
production schedules encountered in 
the shipyard. The success of such 
projects depends upon recognition 
of the factors influencing functioning 
and stability of the gages and the 
adoption of suitable techniques. It 
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is the purpose of this paper to de- 
scribe procedures found to give good 
results in various phases of an in- 
vestigation of stresses, primarily 
those due to welding, in the struc- 
tural members of a ship’s hull. The 
investigation is being carried out by 
the Development and Research 


Branch of the Bethlehem Steel Co., 
Shipbuilding Division, using ships at 
several Bethlehem yards as subjects 
for experimental work. 

Precautions necessary for obtain- 
ing reliable results may be consid- 
ered in the following groups: 


Fic. 3.—Location Adjacent to Butt Prepared for Welding, Showing Strain Gage, Prote c va 
rr tive Cover, and Watertight Gasket. 


| 
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@ 
. Fic. 2.—Working Conditions on Shipboard. 
) ’ 
1€ 


4 


q 
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Location.—Arrangement 
an to avoid local strain effects, 
bending due to buckles, for example, 
which can influence or obscure the 
effects being measured. 


Attachment.—Adequate bond 
en gage and metal, requiring 
cleaning and smoothing of metal sur- 
face, choice of a suitable cement, and 
the allowance of sufficient drying 
time to prevent creep of the cement. 


Fic. 4. 


Trepanning Gage by Drilling. 


3. Functioning.—(a) Elimination 
of electrical leakage by waterproof- 
ing gages and use of high-grade in- 
sulation. 

(b) Dependable electrical con- 
nections. 

(c) Control of temperature effects 
in the strain gages, electrical equip- 
ment, and the structure under in- 
vestigation. 


Test MetTHops 
The two fundamental test meth- 


ods are (a) the normal procedure of 


reading gages before and after opera- 
tions which apply load to the struc- 
ture and (b) the trepanning pro- 
cedure in which strain gages are used 
to measure relaxation of the plugs 
of metal to which they are attached 


as the plugs are trepanned or cut 
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from the structure. The normal pro- 
cedure gives the change in stress*re- 
sulting only from the one or more 
operations occurring in the period 
between readings, while the “'tre- 
panning procedure gives the total 
effect of residual stresses within the 
structure and stresses applied to the 
structure. Trepanning is usually 
carried out by drilling a circle of 
slightly overlapping holes around 


Making Strain Readings on Tre- 
panned Plug. 


Fic. 5 


the plug, as shown in Figs. 4 and 5. 
Since the major components of re- 
sidual or locked-up stress in ships re- 
sult from a few subassembly and 
final assembly operations, generally 
similar results are available by either 
method. 

The normal procedure has the ad- 
vantages of giving results not di- 
rectly affected by stresses due to 
rolling or other previous history of 
the material and of permitting the 
use of one gage installation for ob- 
servations during several operations. 
The investigation can be carried on 
without any drilling or other per- 
manent defacement of the structure. 
There are two principal disadvan- 
tages of the normal procedure. The 
first is that gage stability must be 
relied upon for the periods of several 
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days to several months which may 
be required to carry out the opera- 
tions under consideration. The 
second disadvantage is due to the 
fact that the cellulose cement type 
gages generally most suitable for 
field work have been found subject 
to an initial shift in strain indication 
when exposed to a temperature over 
140 F. While the gages are not 
actually damaged until a somewhat 
higher temperature is reached, in- 
consistent readings may result. Con- 
sequently gages located less than 
about 9 in. from welding have not 
been considered dependable. Ac- 
cording to one investigator, gages 
are more stable at relatively high 
temperatures if carried through an 
initial cycle to a temperature higher 
than that to be encountered in serv- 
ice before starting to take readings. 

The trepanning procedure is per- 
formed after welding and other 
operations have been completed and 
requires one or two days, or, if 
special procedures are followed, only 
afew hours. The gages are exposed 
to accidental damage only during the 
time required for cementing gages 
and drilling out the plugs, and are 
required to remain stable only be- 
tween the readings before drilling 
and after drilling. For these reasons 
the trepanning method is usually 
more satisfactory for shipboard work 
despite the disadvantages that holes 
left by the plugs must be repaired 
and the necessary crew and equip- 
ment are more extensive than re- 
quired for the normal procedure. 
Stresses in and adjacent to welds 
can be determined by the trepanning 
procedure. In such regions of steep 
Stress gradients the result must be 
recognized as an average value over 
the area of the trepanned plug. 


Strain GAGE DESIGNS 
Bonded wire strain gages are 


available as single-element gages — 
with gage lengths ranging from } in. 

to 6 in. for use when the strain com- 

ponent in a given direction is desired, 
and in a variety of “rosette” pat- 
terns for determining direction and 
magnitude of principal strains where 
the orientation of strain distribution 
is unknown. When working with 
ships the fore-and-aft and trans- 
verse strain components are fre- 
quently of as much interest as the 
principal strains. In the case of 
welds, strains longitudinal with and 
transverse to the welds are required. 
In both cases the “fan” pattern 
sette (gages at 0, 45, and 90 deg.) 
can be aligned to give right-angle 
components directly. The “delta” 
rosette is less convenient for these 
purposes in that right-angle com- 
ponents are not directly apparent 
from inspection of the gage readings. 

The rosette types just mentioned 
give the three strain measurements 
required to define analytically the 
principal stresses at a point 7).) 
Four-element rosettes provide an 
additional reading which can be used 
to check accuracy of the other read- 
ings. The check is particularly 
simple with the type of rosette com- 
posed of two gage elements at right 
angles, the remaining two elements, 
also perpendicular to one another, 
being located 45 deg. from the first 
pair. The algebraic sum of strain 
indications by one pair of gages at 
right angles should equal that of the 
other pair. 

The gage wire grid has a pro- 
jected width which, while small com- 
pared with the total length, will 
nevertheless vary resistance slightly 
in proportion with strain compo- 
nents transverse to the gage axis. 
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Baumberger and Hines (8) state that 
the maximum error due to neglect- 
ing the “lateral strain effect’’ is 
about +3 per cent, and provides a 
complete development of formulas 
for taking the effect into account. 


STRAIN GAGE INSTALLATION 
. 
Location: 


In a plate or member assumed to 
have uniform stress over a cross- 
section, the actual strain is likely to 
be far from uniform. Local bend- 
ing strains due to buckled plate or 
loads not quite centrally applied and 
unsymmetrical welding shrinkage 
effects can alter or obscure the direct 
strain measurement generally de- 
sired. The indication of a gage on 
only one surface of a plate has been 
found, for these reasons, to be 10 
per cent in error as a measure of 
direct strain in the case of a plate 
which was apparently straight, and 
35 per cent in error where a certain 
degree of buckling was apparent. 

For plates, the practice of locating 
gages on both sides and using the 
average strain indication from each 
pair of opposite gages as a measure of 
direct strain minimizes error due to 
bending. Severely buckled plates 
should be avoided in any case as 
they cannot be expected to develop 
the same direct stress as straight 
plate for a given applied strain. 
Measurement of direct load carried 
by a structural shape requires selec- 
tion of several gage locations at the 
cross-section in question to deter- 
mine stress distribution and the 
average direct stress. 


—Cementing: 


In securing an adequate bond 
between gage and metal, the first 
step is complete removal of paint, 

rust, and scale, leaving a smooth 
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bright metal surface free from notice- 
able scratches, Fig. 6. A flexible- 
disk power grinder is very satisfac- 
tory for this purpose. The next step 
is to clean the area to remove every 
vestige of oil and grease, preferably 
just before cementing gages. The 
surface is swabbed with absorbent 
cotton soaked with acetone, then 
immediately rubbed dry with clean 
cotton. This process is repeated 
until the dry cotton shows no trace 
of discoloration. 


Fic. 6.—Gage Locations Ground and 
Smoothed, Including Location on Weld. 


A number of cements are suitable, 
most of them composed of celluloid 
dissolved in a_ volatile solvent. 
While all may be equally satisfac- 
tory when thoroughly dry, the dry- 
ing time varies considerably. For 
the older style gage made on rela- 
tively heavy paper, several com- 
mercially available cements are 
widely used. A 24-hr. drying period 
is recommended by one gage manu- 
facturer, during the first half hour 
of which mechanical pressure is 
necessary. New style “quick-dry- 
ing” gages are now available. When 
used with cement prepared by the 
manufacturer, they require only 
finger pressure for about half a 
minute when attached, and the 
recommended drying time is 6 to 
8hr. On account of the convenience 
of attachment, the “quick-drying” 
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gages are being considered for gen- 
eral use even where the rapid drying 
feature is not important. 

If reasonable care is used in at- 
taching gages, there is usually no 
question of the reliability and con- 
stancy of the ‘‘ gage factor” relating 
gage indication with actual strain, 
even for strains well into the plastic 
range. The real goal of cementing 
technique is to obtain a bond suffi- 
ciently free from creep over the time 
interval involved in the test, with a 
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tive covers and portable 200-w 
lamps with reflector bowls are prov- 
ing very convenient for this purpose. 
While many tests of cementing 
methods have undoubtedly been 
made under various drying condi- 
tions, most of the results have not 
been compiled and made generally 
available. 


Waterproofing: 


The need for waterproofing gages 
is readily apparent when it is realized 


Fic. 7.—Central Plug Board Panel and Strain Indicating Instrument. 


reasonable drying time under the 
prevailing atmospheric conditions. 
The recommended drying times 
mentioned in the preceding para- 
graph presumably refer to ordinary 
surroundings at room temperature 
and should be extended in case of 
cold or dampness, or artificial heat- 
ing should be used. In outdoor work 
on shipboard the practice of pre- 
heating the location before gage in- 
stallation and applying heat again 
for a period before waterproofing the 
gage has been adopted for all but 
ideal warm-weather conditions. 
Heating elements built into protec- 


that a leakage path of 1 megohm > 
resistance between the terminals of © 
the usual strain gage of 120 ohms > 
resistance will have the same effect 
on strain indication as a stress of 


about 1800 psi. The paper on | 


which the gage is made can absorb > 
enough moisture from a reasonably 


humid atmosphere to provide 


appreciable parallel path. In prac-_ 


tice gages are coated with melted | 


wax, preferably petrosene or ceresin, 
applied with a brush as soon as the 
proper cement drying time has 
elapsed. 

While a change in parallel leakage — 


| 
4 0) 
| ™ 
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resistance between gage terminals 
cannot be distinguished from a 
change in strain, the resistance be- 
tween the gage grid and the plate to 
which it is attached, and between the 
elements of a rosette, provides a satis- 
factory measure of the magnitude of 
possible errors. A portable battery- 
operated megohmmeter which ap- 
plies a maximum test voltage of 25 
v., sufficiently low to avoid damage 
to the gage, has been of definite aid 
in judging whether moisture can 
have affected a series of readings. 
It has also been found desirable to 
check wiring connecting strain gages 
to instruments. 

Gages located on shipboard re- 
quire protection from physical in- 
jury and the weather in addition to 
waterproofing. Figures 3 and 11 
show two types of protective en- 
closure which have proved successful. 


STRAIN INDICATING EQUIPMENT 


The self-contained portable strain 
indicator, Fig. 7, developed espe- 
cially for use with the resistance gage, 
has a slidewire Wheatstone bridge 
circuit supplied with 1000 cycle 
alternating current from a battery- 
operated oscillator. The bridge un- 
balance is amplified in a vacuum 
tube amplifier and indicated on a 
milliammeter. Use of alternating 
current has the advantage of cancel- 
ling out thermo-electric effects in 
the gage circuit. The fundamental 
characteristic of any bridge circuit 
is its sensitivity in detecting the 
change in an electrical resistance re- 
lative to the approximately equal 
resistance, in this case, against which 

it is balanced. The fact that rela- 
tive change between the two resist- 
ances determines bridge balance is 
used to provide compensation for 

the effect of temperature on the 
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gage and the metal to which it is 
attached. 


Effects of Temperature Change: 


The indicated resistance of an 
installed strain gage varies with 
temperature as well as with strain 
and absorbed moisture, as previously 
noted. The variation with tempera- 
ture is a combination of the coeffi- 
cient of resistance for the gage wire, 
generally relatively low for gages to 
be used in static tests, and the coeffi- 
cients of expansion of the wire and 
the material being tested. The cir- 
cuit can be made self-compensating 
for temperature by using as the 
“dummy” resistance, against which 
the strain gage resistance is balanced, 
another gage from the same manu- 
facturer’s lot as the strain gage. 
The dummy or compensating gage is 
attached to an unstressed piece of 
the material used in the structure 
under test. A temperature change 
unaccompanied by change in the 
stress pattern will affect the strain 
and compensating gages equally, 
with no resultant effect on instru- 
ment indication. 

Correct temperature compensa- 
tion requires that strain and com- 
pensating gages be at the same tem- 
perature, or at least that constant 
temperature differential be main- 
tained. For this reason, several 
dummy plates carrying the com- 
pensating gages are distributed over 
the strain gage layout. Each dummy 
plate is located so as to follow the 
same temperature variations as the 
group of gages which will be con- 
nected with it for readings. The 
closest possible thermal contact be- 
tween dummy plates and the metal 
of the structure is required. Appre- 
ciable differences between tempera- 
ture of the structure and that of the 
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atmosphere, or sudden temperature 
changes, make it necessary to pro- 
vide insulation and shelter over the 
dummy plates. Since sunlight and 
shadows result in rapid temperature 
fluctuation during the day, with 
consequent rapid changes in stress 
pattern as well as compensation 
difficulties, it has become the prac- 
tice in work on outdoor structures to 
make all strain gage readings at 
night after temperatures have sta- 
bilized. 

A lesser temperature effect is due 
to the coefficient of resistance of the 
wiring. For accurate work where 
appreciable temperature change 
could be expected, strain gage and 
dummy leads have been made equal 
in length and of the same kind of 
wire. The use of fairly heavy copper 
wire, no smaller than No. 18, re- 
duces the total resistance and, there- 
fore, errors from this source. 

The remaining effect of tempera- 
ture change, that on the “zero” of 
the strain indicator, can be appreci- 
able when the instrument is brought 
from a warm room to outdoor condi- 
tions. The zero has been taken as 
the instrument balance point which 
would result if dummy and strain 
gage resistances were exactly equal. 
Since the two resistances in general 
are not exactly equal, the balance 
point will be above or below the 
zero point. If now the gages are 
interchanged between the strain 
gage and dummy gage positions, the 
difference from the zero will be in 
the opposite direction. The average 
of these two instrument readings 
will be the zero point. 


Electrical Wiring and Connection 
Resistance: 


In using the resistance strain gage 
for structural stress analysis, one of 


the important problems is that of 
connecting a large number of gages, 
one after another, into the bridge 
circuit for taking readings. In cases 
where each gage is to be read more 
than ten or fifteen times, all gages 
may be wired to one or more central 
instrument locations. Simple wir- 
ing arrangements using well-insu- 
lated heavy copper wire, preferably 
solid conductor, with a minimum of 
changeable connections are desir- 
able. Schemes using a common re- 
turn have not been used in field work 
because, despite considerable care in 
gage installation and protection, one 
or two grounds are frequently found 
in each gage layout. Locating the 
grounds would require cutting the 
wiring assembly into small sections 
for checking, then reassembling. 

The connection problem is com- 
plicated by the fact that variations 
in the resistance of changeable con- 
tacts between readings directly af- 
fect accuracy of the data. For ex-— 
ample, a change in contact resistance 
of 0.016 ohm in the circuit of an 
ordinary 120-ohm gage has an ef- 
fect on strain indication correspond- 
ing to a 2000-psi. stress change. 
Connections made with copper or 
brass binding posts and clean lugs 
have proved entirely satisfactory. 
Readings can be reproduced well 
within the accuracy of setting the 
strain indicator. Heavy brass plugs 
and jacks, Fig. 7, can be changed 
more rapidly and are equally satis- 
factory. Switches are generally un- 
desirable for use in the bridge circuit. 
Even high-grade switches, while ap- 
parently reliable at first, give erratic 
results on account of wear and dirt 
after a period of use. 


Portable Mercury Pool Connector: 
A convenient solution to the prob- | 


| 
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lem, especially where relatively few 
readings of each gage are required, 
is to use a portable connector with a 
single pair of leads to make contact 
directly with the small connection 
wires on the gages themselves. The 
work involved in installing wiring 
and identifying terminals is thereby 
avoided. In trepanning work any 
attached wires are likely to be dam- 
aged in the drilling operation. The 
two obstacles to the use of a portable 
snap clip connector are contact re- 
sistance and the possibility of dam- 
age to the comparatively fine wires 
extending from the strain gages if 
subjected to several clamping opera- 
tions. 

The development of a mercury 
connector, shown in Figs. 5 and 8, 


Fic. 8.— Waterproofed Gage and Mercury 
Connector. 
consisting of a small plastic recep- 
tacle which contains two mercury 
pools has overcome these difficulties. 
When taking a reading, the ends of 
the gage wires, carefully cleaned of 
any wax or cement, are inserted 
through holes in rubber diaphragms 
into the mercury. An entirely satis- 
factory contact between the gage 
and the lead wires results. The dia- 
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phragms, even after several hundred 
readings, retain the mercury when 
the connector is held in any position 
or even shaken, yet no difficulty is 
encountered in making contact with 
one gage after another as rapidly 
as the indicator operator can observe 
and record the readings. Dia- 
phragms are replaced when worn. 
The mercury connector has been 
used with success on several fabri- 
cation tests and in trepanning meas- 
urements on a number of ships. The 
only limitation to its use that has 
been found is weakening of the gage 
connection wires on account of 
amalgamation with the mercury. 
The wires can be expected to last for 
at least fifteen readings, which will 
cover all trepanning tests and most 


fabrication tests. 


NOTES ON PROCEDURE 
Standardization: 

When inconsistencies are found 
among a series of readings, the possi- 
bilities of erratic behavior of one of 
the dummy gages, instrument zero 
variation, and change in resistance 
within the portable leads and con- 
nector are likely to be brought up. 
It has been found desirable to keep 
track of these three items by follow- 
ing a regular “‘standardization”’ pro- 
cedure during the course of a set of 
readings, though the effects are 
seldom of sufficient magnitude to 
justify their being taken into ac- 
count as corrections. Dummy gages 
are periodically compared with an 
adjacent dummy or with a standard. 
Instrument zero and mercury con- 
nector standardization is facilitated 
by a zero check dummy. This de- 
vice contains two gages selected, for 
convenience, to have nearly equal 
resistance. Four terminals are ar- 
ranged to permit connecting the 
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gages in both direct inter- 
changed positions. In addition, set 
screw terminals to accommodate a 
pair of discarded gage connection 
wires are provided leading to one of 
the gages, for use in testing the mer- 
cury connectors. The difference in 
indication between reading the gage 
through the connector leads and 
through the terminals is a measure of 
connector resistance. 


Calculation: 


The strain indicator gives read- 


Fic. 9.—Geometrical Computer for Determining Principal Stresses from Rosette Readings. 


ings of relative elongation in mil- 
lionths of an inch (microinches) per 
inch which, for purposes of analysis, 
are generally converted to stress. 
Stress components from a pair of 
mutually perpendicular gages are 
easily computed using the modulus 
of elasticity and Poisson’s ratio. 
The calculation of principal stresses 
from rosette readings is based on 
Mohr’s circle. An article by Murray 
(9), followed by several informative 
discussions, fully describes Mohr’s 


circle as adapted to rosette analysis. 
The solution can be carried out by 
several methods, among them the 
following: (1) graphical, (2) mathe- | 
matical analysis using calculating 
machine, (3) geometrical computer, 
and (4) nomograph or alignment 
chart. The graphical method re-— 
quires no particular setup and is — 
satisfactory when doing a few caleu-— 
lations, but becomes tedious when 
many calculations are required. The 
considerable effort spent in resolving 
the algebraic and trigonometric ex- 
pressions derived from Mohr’s circle 


into a simple tabular form for calcu- 
lating machine solution has proved 
worth while, for the machine method 
has become standard in this investi- 
gation. The geometrical computer, 
Fig. 9, is sufficiently accurate for 
checking and, since it is much faster 
and subject to mistakes of an entirely 
different nature, provides an excellent 
check method. The nomograph has 
been investigated and has been 
found to offer the same advantages 
as the geometrical computer. 


od 
n 
n 
is 
th 
ly 
ve 
n. 
s- 
AS 
xe 
of 
y. 
or 

V- 
of 
re 
to 
c- | 
es 
un 
d. 
n- ’ 
od 
e- 
or 
al 
he 


APPLICATIONS AND RELIABILITY OF 
RESULTS 


Accuracy which may be expected 
from measurements with resistance 
strain gages depends upon the na- 
ture of the application. A change in 
stress as small as 100 psi. can be de- 
tected, and ina short-time reproduci- 
ble test the combined effect on strain 
indication of all errors has been 
found to be less than +13 per cent. 
Possible limitations to accuracy for 
the test of short duration, as long as 
3 hr. under ordinary indoor condi- 
tions, are adequacy of the cement 
bond, consistence of gage response 
and calibration accuracy, reproduci- 
bility of connection resistance, in- 
strument precision, and instrument 
reading error. In these respects the 
resistance strain gage technique may 
be considered beyond reproach for 
providing the degree of accuracy re- 
quired in most structural strain — 
measurements. Errors limiting the 
accuracy of structural tests, pri- 
marily gage creep and the influence 
of temperature change, are functions 
of time rather than of the strain 
being measured and are conse- 
quently more properly expressed as 
a margin than as a percentage. 

Gage creep is apparent as a drift 
in the strain indication when there 
has been no corresponding change in 
loading. The direction of drift is 
frequently opposite to that of the 
strain which has been applied to the 
gage, which would indicate that the 
gage is seeking to return to its 
original condition. However, in 
other cases the gage drifts in the 
direction of the applied strain. 
Whether this represents creep of the 
metal or drift from a source within 


General: 
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the gage itself has not been deter- 
mined in this investigation. 

Temperature variation while gages 
are being read or a different tem- 
perature distribution at any reading 
from that at the initial reading re- 
sults in more or less inconsistent 
data. While procedures can be 
adopted to tie in temperature ob- 
servations with strain gage readings 
to correct for the irregular drift in 
indication due to compensation er- 
rors, alteration of the actual stress 
pattern cannot be easily taken into 
account. It may be noted that such 
tests on the compensation effect as 
have been made as part of the work 
described show the single element 
gages to be practically perfect in 
this respect, while small discrep- 
ancies may be found between ele- 
ments of a rosette when used over a 
wide temperature range. 


Residual Stress Pattern in Deck and 
Shell of Ships: 


_ The first extensive application of 
electric resistance strain gages in the 
present investigation was for deter- 
mination of the residual stress pat- 
tern in portions of the deck and shell 
of Liberty and Victory ships, using 
the trepanning procedure. Rosette 
gages were attached on both sides 
of the plate at each location. Initial 
readings were taken in the evening 
when temperature conditions had 
stabilized, after which the plugs were 
drilled out. Final readings were 
taken on the ship, sometimes with 
the plug still held in place by one 
ligament, as soon as the plug had 
returned to ambient temperature 
following trepanning. 

An additional source of error 
present in this work was the possible 
detrimental effect of the trepanning 


| 


Fic. 10.—Structural Model for Study of Girth Weld Sequence. 


operation on relaxation of the plug 
and performance of the gages. 
Studies made by other investigators 
have indicated that the trepanning 
procedure is sufficiently reliable for 
use in structural stress analysis. 
No direct check of accuracy was 
possible in the work described here, 
since any comparison involved in- 
evitable differences between loca- 
tions on the same or different ships. 
A composite plot of stress adjacent 
to a seam weld in deck plating, Fig. 
12, based on measurements by tre- 
panning at three different locations 
on one ship, shows a maximum 
spread of about 3000 psi.; most of 
the points being in better agreement. 

The residual stress pattern in a 
completed ship is the summation of 
initial residual stresses in the plate 
such as those due to rolling, forming 
and flame cutting, welding stresses 
set up in subassembly operations, 
final assembly welding stresses, and 
the stress patterns due to hull load- 


ing condition and temperature dis-— 
tribution. Separate studies of all 
these components are being made. 


Girth Welded Investigation with Struc- 
tural Model: 


FE The effect of the sequence fol- 
lowed in making a girth weld od 
residual stress distribution is being 
studied with a model, Fig. 10, repre- 
senting the amidships portion of a_ 
Liberty or Victory ship to approxi-— 
mately one-fifth scale. Gage loca- 
tions are distributed both forward 
and aft of the weld. When strain 
readings following one girth <a 
sequence have been completed, the 
model is cut apart, stress relieved, 
and reassembled by another girth 
weld sequence. Since strain gages 
of the ordinary type used on the 
model would be ruined by the stress- 
relieving temperature, new gages 
are used for each sequence. 

Figure 13 shows part of a stress — 
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pattern obtained from the model. 


Fic. 11.—Shipboard Strain Gage Installa- 
tion, Showing New Type Protective Cover. 


psi., sufficient to give a picture of the 
pattern of stress as well as the ap- 
proximate magnitude. Since initial 
and final readings were taken within 
three to five days of one another, 
gage creep was not serious. Al- 
though the model was located in- 
doors with a view to avoiding tem- 
perature problems, the normal daily 
variation within the shop and drafts 
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from frequently opened doorways 
It is believed that the results are ac- 
curate within a range of about 1000 


have been decidedly encouraging. 


gave some trouble. 
Results obtained with the model 


Radically different residual stress 
patterns, generally consistent with 
welding theory, have been obtained 
from each of the three welding se- 
quences so far investigated, though 
the maximum stress values were 
approximately the same. A girth 
weld sequence on a full-size ship has 
been analyzed with strain gages with 
the intention of repeating the se- 
quence on the model to provide in- 
formation on the scale effect. 


Long-Time Tests: 


For strain measurements extend- 
ing over a period of mothhs the 
bakelite type strain gage is probably 
better suited than-the ordinary cellu- 
lose cement type gage, although 
some results have been obtained with 
the latter type during construction 
of a cruiser hull. Such tests should 
be run in conjunction with creep 
tests of gages attached under ex- 


actly the same atmospheric condi- 
tions. 


Launching Stresses: 


The strain indicators 
have been used successfully to catch 
the peak stresses in the hull during 
launchings of several vessels ranging 
in‘size from landing barges to heavy 
cruisers. The magnitude and loca- 
tion of the highest stresses have been 
determined. These studies have 
been of interest for comparison with 
calculated stresses during launching, 
which provides an opportunity for 4 
full-scale test of the hull structure 
under loads approaching working 
conditions. The program will be 
extended to include a continuous 
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strain record throughout launching 
obtained by means of a multi-ele- 
ment oscillograph. Results obtained 
by the rather makeshift strain indi- 
cator method are believed correct to 
within about 10 per cent. 
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a reciprocating engine crankshaft 
without removing it from the bear- 
ings. Load was applied by jacking. 
Strain gages were attached 90 deg. 
apart around the circumference of 
the rod. This application empha- 
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Fic. 12.—Typical Stress Pattern Adjacent to Weld in Deck Plating of a Ship, Obtained by 
the Trepanning Method. 
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rl Stresses Due to Welding 
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1000 
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and Base for Stress Plot 
Fig. 13.—Typical Stress Pattern Obtained from Structural Model. - 


Weighing Rod: sized the necessity for considering ‘ 
non-axial loading in locating gages, 
for despite every effort to line up 
the jack and weighing rod, when 
jack pressure was applied one or 


A weighing rod 3 in. long was con- 
structed of 1} in. diameter steel rod 
for use in studying the deflection of 
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another of the gages at first showed 
tension. As the contact surfaces of 
the rod deformed to centralize the 
load, distribution of compressive 
stress became more uniform; 
though in no case could one of the 
gages alone be relied upon. The 
average of the four gage readings 
was used as a measure of load. 


CONCLUSION 
The electric resistance strain gage 
has been found a valuable tool for 
stress analysis on structures. Test 
methods and techniques are in use 
or can be devised to provide stress 


_ measurements of accuracy sufficient 


for practical purposes in almost all — 


problems which may be encountered. 
Conditions imposed by work out of 
doors, on shipboard, or in the shop 
have required that the characteris- 
tics of the equipment be recognized 
and suitable precautions taken to 
eliminate or minimize the inherent 
errors. 
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Mr. J. Vasta! (by letter).—Lord 
Kelvin has been credited with saying 
that ‘‘the essential in studying any 
phenomenon is to make measure- 
ments.” This is true in every engi- 
neering field; the ship structure is 
no exception. To study the reaction 
of a ship structure under a known 
applied load, it is essential to meas- 
ure strains at chosen locations and 
compare these with theoretical val- 
ues. In doing. this, the electric re- 
sistance strain gage plays an im- 
portant role. Because of its rela- 
tively small size and weight, it 
possesses a flexibility which cannot 
be obtained with mechanical gages. 
Moreover, its short base length plus 
its ability to send its report over a 
small pair of wires to a distant point 
makes it especially useful for meas- 
uring strains at otherwise inaccessi- 
ble locations. 

Credit for being the first to use the 
SR-4 electrical resistance gages for 
ship structure investigation prob- 
ably belongs to the U. 8. Maritime 
Commission. In the summer of 
1941, a series of full-scale tests on a 
reinforced-concrete hull was con- 
ducted to obtain information on the 
basic assumptions that governed the 
structural design of such vessels. 
The many precautions that the 
author of the paper points out so 
lucidly were taken. However, field 
conditions, particularly the exces- 


1 Assistant Chief Research Section, United 
States Maritime Commission, Washington, D. C. 
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sive moisture in the test tank where 
strains were sought, prevented the 
setting of the cement, hence the 
electrical gages could not be made 
to adhere to the reinforcing bars of 
the structural element under test. 
It is gratifying to note that these 
early difficulties have now been 
largely eliminated by a combination 


of improved technique and improved | 


cementing materials. Incidentally, 


this test was carried forward by the — 


use of mechanical strain gages. 
Although these early trials gave a 
somewhat negative result, faith in 
the electric resistance gage was not 
dimmed. The Maritime Commis- 
sion planned a comprehensive test 
on a steel vessel of the Liberty type 
wherein much of the experience of 
previous investigators was pooled to 
insure a successful test. The Liberty 
ship was tested during the summer 
of 1944 and required a period of 
approximately six weeks. Well over 


11,000 electrical strain gage readings - 


were taken during this period and a 
relatively small percentage of read- 
ings was lost. This speaks favor- 
ably for the technique and care 
exercised in preparing the strain 
gage stations and in protecting 
them against moisture and physical 
damage from the traffic of the test- 
ing personnel. The result of this 
field experimentation bears out the 
faith in the electrical gage as a 
reliable measuring instrument when 
applied to the structure with all the 
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precautions that the author de- 
scribes in his paper. 

The question of drift, or lack of 
gage stability, is one that will al- 
ways cause some concern. The 
cause should be sought. Future 
technological developments of the 
bonding material used to attach the 
gage to the structure may eliminate 
this annoying deficiency. Public 
enemy No. 1, as far as the electrical 
gage is concerned, is the moisture 
present in the atmosphere surround- 
ing the test specimen. Properly ce- 
mented gages on tests performed 
under ideal conditions in the labora- 
tories show negligible drift for such 
periods of time as are usually con- 
sidered ample for the completion of 
the experimental investigation. The 
situation in the field is usually en- 
tirely different and the success of 
the enterprise depends on the care 
exercised and technique employed 
in attaching and protecting the 
gages. In the Liberty ship test re- 
_ ferred to above, all the gages were 
left on the structure for a period of 
approximately four weeks. Strains 
measured at the completion of the 
loading cycle did not, in the main, 
check absolutely the zero strains 
- measured at the beginning of the 
test. If this lack of agreement 
between the. two zero readings— 
taken at the initial and final stages 
of the tests—can be ascribed solely 
to the phenomenon of drift and to 
no other cause, then there is evi- 
dence that all except a few of the 
strain gages drifted. The average 
drift for the entire group was about 
75 micro-inches, which corresponds 
roughly to 2000-psi. stress. Stresses 
induced by loading were of the order 
of 25,000 psi. The accuracy of the 
data, however, was much closer 

than the amount indicated by the 


drift, because, in many instances, 
while one gage element on the top 
face of the plate would show an 
apparent elongation, the opposite 
gage element on the other face of 
the plate would show some contrac- 
tion, thereby tending to neutralize 
the effect mentioned. It is believed 
that this phenomenon of drift re- 
sults from some minute plastic de- 
formations that take place in the 
cement itself. It is hoped that fu- 
ture technical developments in this 
direction will eliminate such diffi- 
culties experienced in the field. 

The state of stress at any one 
point on the structure can be com- 
puted from strains measured in 
three different directions. This re- 
quires that the electrical gage have 
a minimum of three elements. A 
strain gage station on a plate must 
consist of two such “rosettes,’’ one 
on each face of the plate—a total 
of six wire elements. 


The strains 
measured on each pair of elements 
must be averaged to obtain the 
strain in their direction at the 
middle plane of the plate. Strains 
measured on only one face of the 
plate will involve large errors, cer- 
tainly much larger than those the 
author describes in his paper. In 
some instances, on the structural 
tests of the Liberty ship, the differ- 
ence between top and bottom strains 
on any one particular pair of ele- 
ments was as much as 100 per cent, 
meaning, thereby, that the plating 
to which the gage was attached had 
an appreciable bending stress and a 
curvature which was not visible to 
the eye. The experience gained in 
testing about a dozen steel ships 
indicates definitely that strains 
measured on one face of the plate 
alone will lead to deceiving and in- 
accurate conclusions. Rational com- 
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parisons between measurements and 
theory are destroyed if the experi- 
menter measures strains on only one 
face of the plate without some 
means of evaluating the strains re- 
sulting from changes in plate cur- 
vature. 

When a large structure, such as a 
ship, is tested, it is almost impossi- 
ble to eliminate the thermal effects 
resulting from changes in tempera- 
ture. It is impossible to expect the 
“dummy” gage to do this because 
the restraint of the structure to 
temperature variations has been 
found to be different on all three 
axes of the gage elements. There- 
fore, even if it were possible to ob- 
tain an accurate record of the tem- 
perature changes in the plating to 
which the gage is attached, a pre- 
knowledge of the effect of restraint 
would be necessary in order to cor- 
rect the strain for the temperature 
effect. An attempt at eliminating 
this difficulty consists of taking 
strain readings during the night, 
hoping that the air temperature 
‘urrounding the structure has sta- 
bilized itself and will be the same 
as during previous readings. It is 
impossible, of course, to control 
temperature fluctuations from night 
to night. However, these fluctua- 
tions will be of a small order, and 
their influence on the accuracy of 
the data not significant. Never- 
theless, the precaution should be 
taken to select “dummy” gages and 
acting gages from the same box, 
and similarly, if possible, the indi- 
cating instruments ought to be kept 
within one room at a reasonably 
constant temperature. 

The interest shown by the various 
shipbuilding organizations toward 
solving, by a systematic program 
of research, the many problems re- 
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lated to welding procedure and its 
effects, is a commendable one. It is 
only through such systematic ap- 
proach that the experimental facts 
van be determined. In this en- 
deavor, a knowledge of the limita- 
tions of the gage and its idiosyn- 
crasies will go a long way toward 
lending weight to the experimental 
findings. The author of this paper 
is to be congratulated for bringing 
up to date the many pertinent points 
considered essential in the applica- 
tion of the electrical gage to struc- 
tural investigations. 

Mr. W. V. Basserr? (author’s 
closure by letter)—Mr. Vasta’s com- 
ments on some of the first applica- 
tions of resistance strain gages to 
ship structures are appreciated. 
His emphasis on the necessity for 
control of moisture effects and gage 
instability or drift, and on the use 
of gages on both surfaces of a plate is 
decidedly worth while. 

In connection with Mr. Vasta’s 
statements on thermal stresses and 
restraint, a brief description of a 
test recently conducted by the De- 
velopment and Research Branch of 
the Bethlehem Steel Co., Ship- 
building Division, may be of inter- 
est. ‘Temperatures and changes in 
longitudinal strain over the amid- 
ships cross-section of a waterborne 
320-ft. hull of relatively simple con- 
struction were followed for a 48-hr. 
period. Weather conditions were 
ideal for this test; on both days 
bright sunlight shone from a nearly 
cloudless sky, and nights were rela- 
tively cool. Temperatures of the 
structure varied through a 70 F. 
range. The strain readings ob- 
tained indicated a total range of 
stress variation of 8000 psi. 
~ # Engineer, Development and Research Branch, 


Central Technical Dept., Bethlehem Steel Co., 
Shipbuilding Division, Quincy, Mass. 
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One of the most pronounced ef- 
fects was that observed in the east 
gunwale which, when warmed 43 F. 
by the morning sun, developed a 
6000 psi. change of stress in the 
compressive direction over a 2-hr. 
period. This stress increment is 
about 70 per cent of that which 
would theoretically result from a 
43 F. temperature change under 
complete restraint. Simultaneously 
a compressive stress component of 
1500 psi. was observed in the oppo- 
site bilge, while small tensile stresses 
were indicated in the other two di- 
agonally opposite corners of the hull. 

As the day progressed, the pat- 
tern of stress variation followed the 
directions and comparative magni- 
tudes which would be expected from 
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the observed temperatures. Corre- 
lation of absolute stress magnitudes 
with temperature would be, as Mr. 
Vasta indicated, a complex problem. 
Restraint evidently depends upon a 
number of factors, including the 
proportion of material in a structure 
subject to a given thermal expansion 
and its location with respect to the 
neutral axis of bending. 

Stress and temperature variations 
for the two days were generally 
similar. During the night, strain 
gage readings agreed with those ob- 
tained 24 hr. previously within 
about +10 microinches per inch. 
Temperature and strain indications 
were relatively steady by 4 hr. after 


sunset, but continued to shift slowly 
until sunrise. 
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SINGLE-STRIP C¢ IMPRESSION TEST FOR SHEET MATERIALS 
By Harry LATowr! AND Don S. WoLFrorp! 


SYNOPSIS 


This paper presents a new jig for testing sheet materials in compression using 


a flat single-strip specimen. 


The jig prevents lateral buckling of the speci- 
men by providing continuous support in the form of flat guides. 


of the specimen extend beyond the jig body an amount exceeding the total 


deformation during the test. 


Consideration is given to the length of these 


extensions so that compression properties can be obtained on materials having 


yield strengths of 180,000 psi. and even greater. 


Single-strip specimens having thicknesses ranging from 0.035 to 0.100 in. 
and solid cylinders cut from a homogeneous bar of heat-treated S.A.E. 4330 
steel were used as a means of evaluating the results obtained in the new jig. 

Results of single-strip tests on steels having thicknesses between 0.010 and 
0.050 in. and yield strengths ranging from 50,000 to 180,000 psi. are given 


for the new jig. 


The above comparisons were based on measurements of strain using Huggen- 


berger tensometers. 


An adaptation of the Templin-Peters recorder system 


has also been applied to this jig for obtaining autographic load-deformation 


curves. 


Tests made by the authors show that compression stress-strain data can be | 
obtained on sheet materials using a routine procedure requiring about the 
same time and care as a comparable tension test. 


The development of the compression 
testing jig for sheet materials discussed 
in this paper came as a result of a search 
for a more satisfactory method of making 
compression tests of steels used in struc- 
tures. The expanded use of certain 
steels for load-bearing members soon re- 
vealed that tension tests alone are not 
always an adequate index of strength 
when the material is subjected to large 
compressive stresses. 

For instance, the austenitic stainless 
steels become quite anisotropic when 


1 Testing Engineer and Senior Research Engineer, 
respectively, Research Laboratories, The American Roll- 
ing Mill Co., Middletown, Ohio. 
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strengthened by cold rolling. Such 
steels do not have equal compressive and 
tensile properties, and these inequalities 
are further complicated by variation of 
the stress-strain characteristics with re- 
spect to grain direction (1).2 Cold 
rolling also imparts similar inequalities 
in low-carbon mild- and high-strength 
steels, but to a lesser degree. In fact, 
most metals which have been processed 
by mechanical working exhibit some 
anisotropy depending on the exact 
composition of the metal, together with 


2 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 688. 
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the particular nature of processing with 
respect to working as by hot or cold 
rolling and possibly accompanied by 
annealing. 

This is why there is a definite need for 
convenient methods of evaluating the 
mechanical properties of materials sus- 
pected of being anisotropic. 

The determination of tensile proper- 
ties of sheet materials has already 
reached a high degree of standardization. 
However, no particular method of de- 
termining compressive properties in 
sheet material has gained widespread 
acceptance to the extent that standard 
_ procedures can be established. All the 
methods for determining compressive 
properties of thin sheet material must 
have some means of supporting the 
- specimen against buckling se that the 
yield strength can be developed during a 
test. 

The “pack” method introduced by 
Aitchison and Tuckerman (2) obtains 
lateral support in the weak, thickness 
direction by means of sufficient number 
of pieces of the same material stacked on 
both sides of one wider specimen on 
which the strain gages act. The entire 
pack is loaded during the tests. In a 
later modification the laminations were 
cemented with shellac (3). The outside 
laminations are supported by means of 
a system of rods braced by an exterior 
framework. The pack method has been 
used successfully in large scale testing of 
austenitic stainless steel at the National 
Bureau of Standards (4). Probably the 
most serious disadvantage of the pack 
method for research investigations is the 
relatively large machined specimen that 
must be prepared. Furthermore, pack 
specimens of thin and strong materials 
tend to buckle notwithstanding some- 
what elaborate support. 

The cylinder method of Franks and 
Binder (5) makes use of a tube rolled 
from a small blank of the sheet material 
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to be tested, the ends of which are turned 
and ground preparatory to end loading 
during the compression test. Such 
cylinders are prevented from buckling 
locally by maintaining a_ certain 
maximum diameter-to-thickness ratio. 
Primary buckling is prevented by main- 
taining a certain maximum length-to- 
diameter ratio. The cylinder method is 
satisfactory for certain materials from a 
testing standpoint (5, 6). The principal 
objection to the use of the cylinder is the 
cold working that the specimen must 
undergo in forming a satisfactory cylin- 
der, which introduces uncertainties as to 
the mechanical state of the metal, 
Metals that have already been severely 
cold rolled are probably not seriously 
affected by the forming of the cylinder, 
so that reliable results can be obtained. 
However, annealed mild or low-alloy 
steels lose their sharp yield points when 
formed into cylinders, which changes 
their stress-strain characteristics con- 
siderably. Annealing of such cylinders 
may restore sharp yield points but not 
necessarily the other initial properties. 
Furthermore, the joint along the cylinder 
cannot always be soldered conveniently. 

A single-strip method of obtaining 
compression data was proposed by W. P. 
Montgomery to members. of _ the 
Aluminum Research Laboratories at 
New Kensington, Pa. This led to the 
development of a device for supporting 
a single specimen 0.020 in. or greater for 
aluminum machined 2.63 in. long by 0.62 
in. wide (7). Actual support of the 
specimen comes from rows of 0.093 in. 
diameter rollers spaced 0.100 in. apart 
along both faces of the specimen. The 
rollers react against straight guides and 
are held in place by flexible brass strips. 
A somewhat extensive series of compres- 
sion tests were made in 1943 in the 
Armco Research Laboratories using 4 
Montgomery-Templin compression jig 
as devised by Baldwin-Southwark. 


-. 
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These tests were made on steels having a 
wide range of strength and included the 
strongest of those described later in this 
paper. Buckling of the specimen ends 
occurred in most of the 0.010-in. thick 
steels having high yield strengths that 
were tested in the jig proposed by 
Montgomery, even when the rollers were 
tightly clamped. ‘There was a tendency 
for the rollers to indent the specimen. 

The jig described in this paper was 
developed in the Armco Research Labo- 
ratories with the intent of overcoming 
some of the drawbacks that seem evident 
in the above-described methods. Since 
the time this development occurred, the 
authors have learned of independent 
work done at the National Bureau of 
Standards for the Navy Bureau of Aero- 
nautics (8) in which a Montgomery jig 
was fitted with flat guides in place of 
rollers. Tests made with both types of 
support gave practically identical results 
in tests on aluminum alloy 24S-RT. 

A similar compression test for single 
pieces of sheet material has been pre- 
sented by Jackman (9). In this test the 
specimen is a punching measuring 3.125 
by 1 in. with two tabs on the long side 
for application of Southwark-Templin 
autographic strain recording equipment 
working on a 2-in. gage length. The 
specimen discussed by Jackman is sup- 
ported between wood or metal side 
plates. One weakness of the method 
presented by Jackman is that strain 
observations are made along only one 
side so that eccentricity of loading with 
respect to the width cannot be detected 
at the time of testing. 


DESCRIPTION OF JIG 


The single-strip compression jig de- 
veloped by the authors is shown assem- 
bled in Fig. 1 and as taken apart in Fig. 2. 
The parts, all of which are tool steel, were 
machined to size, hardened, then ground 
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to final dimensions. The jig body, A, 
was machined from a solid piece to 
provide an internal flat surface against 
which the specimen, /’, is pressed by 
means of a flat-faced block, B, using 
screws C. The body A and the block B 
are dimensioned so that the 0.500-in, 
faces supporting the specimen are even 
with its edges. However, these faces 
are recessed about 0.025 in. at’ two 
positions for Huggenberger tensometer 
knife-edges which then rest along’ the 
specimen edges, without interference 
with the jig. The positioning ring D is 
fastened to the jig body A by means of 
screws E resting in conical seats which 
locate the jig body accurately 0.050 in. 
above a flat loading head. The jig body 
is made 1.900 in. long, thus giving com- 
plete support to the specimen along the 
same length. Specimens 0.020 in. and 
thicker are machined 0.500 in. wide by 
2.000 in. long so that the specimen pro- 
trudes 0.050 in. from each end of the 
jig body. However, specimens thinner 
than about 0.015 in. with high yield 
strengths sometimes buckle at the jig 
ends. Specimens 0.010 to 0.020 in. 
thick cut 1.950 in. long are positioned so 
that only 0.025 in. stubs protrude from 
the jig body, and a platen with an 
annular recess 0.025 in. below its surface 
locates the positioning ring properly for 
these shorter specimens. 

Large strains can be obtained in this 
jig because both ends of the specimen 
project adequately from the jig body. 


SAMPLE PREPARATION 


The compression specimens are made 
to the dimensions shown in Figs. 3 (a) 
and (6). Usual tolerances for tension 
test specimens* apply except that the 
ends must be ground parallel within 


3 The tolerances used in the Armco Research Labora- 
tories are +0.0005 in. on width of 0.500-in. wide sheet 
tension specimens and parallel within 0.00025 in. over 4 
2-in. long gage length. 
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) Steel thicknesses between 0.020 and 0.100 in. 


0.500 40.0005 in. 


—/,950 to 0.020 in. 


in. 

) Steel thicknesses between 0.010 and 0.020 in. 
Fic. 3.—Finished Dimensions of Single-Strip 
Compression Specimens. 

0.0001 in., otherwise eccentricity caused 
by nonparallel ends affects the stress- 
strain curve obtained, especially above 
the elastic limit. 

Blanks are usually sheared about } 
in. oversize in both dimensions, then are 
stacked $ to 1 in. high and milled longi- 
sndimally to sizes indicated in Fig. 3. 


Fic. 4.—Single-Strip Compression Jig with Huggenberger Tensometers as Used in 200,000-Ib. 
Baldwin-Southwark Universal Testing Machine. 


The ends of each sample are ground 
individually in a special clamp fixture, 
which grips the specimen most of its 
length like the testing jig. This is 
important; for otherwise a_ slightly 
curved specimen may be ground with 
edges parallel with respect to width but 
not to thickness, thus resulting in eccen- 
tricity that may cause buckling before 
the yield strength stress is attained. 


TESTING PROCEDURE 


The following steps are taken in mak- 
ing 1-in. Huggenberger tests with the 
single-strip compression jig developed 
by the authors: 

1. Coat sides of specimen lightly with 
graphite grease or oil. 

2. With the positioning ring in place, 
insert specimen in jig which should rest 
on the platen. 

Tighten thumb-screws with moder- 
ate pressure. 


4. Affix Huggenberger tensometers 


which have been previously adjusted to 
give the required number of minor resets. 
5. With assembly resting on the pla- 
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Fic. 5.—Compressometer for Autographic 
Load-Strain Diagrams of 2-in. Long Compres- 
sion Specimens. 


ten, release thumb-screws to check 
clearance of strip and gages with respect 
to the jig body. 

6. Rock the specimen into the normal 
position with respect to the platen, then 
tighten thumb-screws moderately. 

7. Set the assembly in the testing 
machine between the platens resting 
against wet blotting paper and preload 
the specimen 25 to 100 lb. 

8. Set the Huggenberger tensometers 
for compression observations. 


9. Release the positioning ring screws 
nearest to the thumb-screws first, fol- 
lowed by the remaining screw. 

10. Load by convenient increments 
and make corresponding strain observa- 
tions until the required load-deformation 
data are obtained. 

11. If the first increment or so pro- 
duces widely divergent readings in the 
opposite gages, the load is being applied 
eccentrically with respect to specimen 
width. The load should then be re- 
leased and some of the blotting paper 
rubbed away at the appropriate side 
until the opposite gages produce similar 
readings. 

The final arrangement of apparatus is 
shown in Fig. 4. The Huggenberger 
gages are more satisfactory for determin- 
ing modulus of elasticity than the com- 
pressometer method yet to be described. 
However it is eminently suited for obser- 
vations of offset yield strengths. 


| 


wre 


Fic. 6.—Single-Strip Compression Jig as Used with Compressometer and Templin Recorder in 
20,000-lb. Amsler Universal Testing Machine. 


K as a 
of 
is sl 
| | con 
con 
Thi 
ball 
| bot 
pla 
mo 
| cau 
elec 
is 
inc! 
act 
Set 
age 
at 
tha 
fi the 
) 
va 
r 


ents 
ition 


pro- 
the 
plied 
imen 
Tee 
aper 

side 
nilar 


r in 


On COMPRESSION TEST FOR SHEET MATERIALS © 


AUTOGRAPHIC COMPRESSOMETER 


The device which the authors identify 
as a “compressometer”’ is a modification 
of the Peters electric extensometer and 
is shown in Fig. 5. The compressometer 
consists of a banjo-shaped pad, G, upon 
which the compression jig rests. The 
compressometer has over-all magnifica- 
tions of 250 and 500 when used with 
a Templin-type stress-strain recorder. 
This is accomplished’ by means of a 1:1 
horizontal lever H which is pivoted on a 
ball-support, J. The forked ends probe 
both sides of the bottom surface of the 
platen through screws K. Vertical 
movement of the back end of lever H 
causes a 5:1 vertical lever L to move an 
electrical contact, the other half of which 
is mounted to a screw (50 threads per 
inch) driven by means of a Selsyn motor 
actuated by means of a Templin recorder 
(see Fig. 6). The compressometer aver- 
ages the vertical movement of the platen 
at opposite edges of the specimen, so 
that the average strain in the specimen 
is observed. 

Elastic deformation of the material of 
the platens is caused by local pressure of 
the specimen ends. The compressom- 
eter indicates deformations which are 
too large by the amount the platens are 
indented by the specimen. A small cor- 
rection must be applied to the observed 
autographic curve. The correction is 


made by using the method given in 


Appendix I.4 


COMPARISON WITH UNSUPPORTED © 
SPECIMENS 


The comparison of single-strip test 
values with those obtained on unsup- 
ported specimens of the same material 
provides a means of evaluating the 
influence of support friction on single- 
~ data. A 3 by 2 by 12-in. bar of 


‘See p. 687. — = 5 1944 Book of A.S.T.M. Standards, Part I, p. 1954. _ 


Fig. 7. 


S.A.E. 4330 steel was heat treated to a 
hardness of 200 Brinell to give a yield” 
strength slightly exceeding 75,000 psi. 
Hardness surveys revealed the bar to be 
uniform. Single-strip specimens were 
machined from the bar in the following 
thicknesses: 0.100, 0.054, and 0.035 in. 
Solid cylinders $ in. in diameter and 
2-in. long were machined from the same 
bar for unsupported tests. The length 
of the cylinders was made 2 in. so that 
the compressometer could be used for 
autographic curves on these cylinders. 
The Tentative Methods of Compression — 
Testing of Metallic Materials (E 9 — 33 
T)* recommends a medium length speci- 
men with a length equal to three times 
the diameter and a long specimen of 
eight times. The cylinder used in these 
tests is therefore close to recommended — 
proportions. 

Stress-strain curves obtained with 
Huggenberger tensometers are shown in 
Yield strengths and moduli of 
elasticity are given in Table I. These 
are compared on a percentage basis with 
cylinder values in the lower part of the 
table. The yield strengths of single- 
strip specimens were 1 to 2 per cent 
higher than the cylinder value when 
Huggenberger data are 


graphic curves were moderately erratic 
ranging from +4.0 per cent to —4.0 per 
cent from a comparable cylinder value. 
However, even these variations are 


no greater than those observed 
tension 


between different types of 
specimens. 
The moduli of elasticity obtained from 


Huggenberger data on single-strips were 


—0(.7 to +6.7 per cent from the cylinder 


value, and autographic values were 
similarly —1.2 to —8.3 per cent. 
difficulty of checking modulus of one 
ticity due to unavoidable eccentricity 


considered. 
Yield strengths obtained from auto- 
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end material, which is of course observed 
for the entire specimen length. The 
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Fic. 7.—Comparison of Stress-Strain Curves from Single-Strip and Unsupported Solid Cylinder 
Tests on Specimens from a Homogeneous Bar of S.A.E. 4330 Steel. 


TABLE I.—-COMPRESSION TESTS OF SPECIMENS CUT FROM A BAR OF S.A.E. 4330 STEEL, 
BRINELL HARDNESS—200 


Sample Size | Method of Test Specimen | 

2 x 0.500 x 0.100 in... ..... {| No.1 

No.2 

2 x 0.500 x 0.054 in....:...|; Single-strip com-<| No. 1 

pression jig No.2 

2 x 0.500 x 0.035 in. nee No. 1 

| No. 2 
2 x 0.500 in. diam. ...| Solid cylinder 

2x 0.500 x 0.100 in........ No. 1 

No. 2 

2 x 0.500 x 0.054 in........ No. 1 

No. 2 

2 x 0.500 x 0.035 in........ No. 1 

No. 2 


Test Data 


Yield Strength, 0.2 | Initial Modulus of Elasticity, 


per cent Offset, psi. 
Huggen- Auto- Huggen- 
| berger graphic berger 
| 
| 78200 80 100 32 000 000 
78300 
79 000 79 100 29 800 000 
84 400 
79 000 77 900 29 500 000 
81700 | 
77 500 81 200 30 000 000 


A 


psi. 


utographi 


29 500 000 
29 900 000 
31 300 000 
30 900 000 
31 800 000 
31 800 000 
32 200 000 


Difference with Respect to Solid Cylinder, per cent 


+1.0 —1.3 +6.7 
—3.5 

+2.0 —2.5 —0.7 
+4.0 

+2.0 —4.0 
+0.8 


sistent trend of lower moduli in single 
strips when data were taken from auto- 
graphic curves appears to have been due 
to seating and premature yielding of the 


—8.: 
—4 


de 
1.2 
1.2 


Huggenberger data were essentially free 
from these defects due to. the short 1-in. 


gage length. 


The above comparison indicates that 
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Fic. 8.—Seven Compression Stress-Strain Curves for Identical Specimens of Temper-Rolled _ 
0.050-in. Armco High Strength Steel (SOY). 


TABLE II.—COMPARISON OF YIELD STRENGTH 


AND _ INITIAL 


MODULI 


OBTAINED 


FROM 


COMPRESSION TESTS ON SEVEN IDENTICAL 


SPECIMENS 


OF 
STRENGTH STEEL (50 Y) 


0.050 IN. 


BERGER TENSOMETERS. 


ARMCO 
USING HUGGEN- 


HIGH 


Yield Strength,| Initial Modulus 
Specimen 0.2 per cent of Elasticity, 
offset, psi. psi. 
48 800 30 600 000 
48 600 30 800 000 
48 600 30 100 000 
47 400 30 000 000 
No. 5... 47 300 30 500 000 
No. 48 000 31 000 000 
48 600 30 800 000 
EE rn 48 200 30 540 000 
Difference from Average, 
per cent 
+1.2 +0.2 
+1.0 +0.8 
+1.0 —-1.5 
—1.5 —-1.9 
—1.8 —0.2 
+1.0 +0.8 


friction of the solid guides probably does 
not affect the single-strip test detri- 
mentally. 


A series of single-strip tests were made 
on seven identical specimens of the same 
material in order to establish the range 
of uncontrollable variation of the single- 
Strip compression test. Temper-rolled 
Armco high-strength steel (SOY) in No. 


PRECISION 


TABLE III.—MATERIALS TESTED. 


Thickness, Steel State 
in. 
high strength } Temper rolled 
(50Y) nnealed 
J Cold rolled 
\S-A.E. X-4110 
ae {ARMCO high strength Cold rolled 
(50Y) 
eee ARMCO high tensile Full hard 
stainless type 301 temper 


18 gage tested along the longitudinal 
direction was used because its nonlinear 
stress-strain curve provides conditions 
which must be met in practical testing of 
commercial steels. The stress-strain 
curves are shown in Fig. 8, and salient 
values are listed in Table II. The yield 
strengths at 0.2 per cent offset ranged 
from 47,300 to 48,800 psi., averaging 
48,200 psi. and corresponding to a vari- 
ation of —1.8 to +1.2 per cent. The 
initial modulus of elasticity ranged from 
30,000,000 to 31,000,000 psi., averaging 
30,540,000 psi., and corresponding to a 
variation of —1.9 to +1.4 per cent. 
These results indicate that the single- 
strip compression test gives essentially 
the same strength and elasticity values 
on successive specimens, and therefore 


On Compression TEST FOR SHEET MATERIALS _ 679 
ad 
ty, q 
7 
00 
00 
00 
00 
00 
00 
| 
) 
free 
1-in. 
that 


7, - Tension - Longitudinal (6) Annealed 0050-in 
50 
) 
ae 
30000 
/ / 
: “IN. 
— High Strength | 
tee/ (50Y) | 
0 i 
-> 00)! in«- 4 Nn 
Strain, in. per inch 


Fic. 9.—Tension and Compression Stress-Strain Curves. 
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Fic. 10.—Tension and Compression Stress-Strain Curves. 
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Fic. 11.—Tension and Compression Stress-Strain Curves for Full Hard 0.020-in. 
Tensile Stainless Steel-Type 301. 
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Fic. 12.—Typical Autographic Load-Strain Curves Using Compressometer with Single-Strip 
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can be regarded as sufficiently precise for 
the determination of compressive proper- 
ties of commercial high strength steel. 


TypIcAL TENSION AND COMPRESSION 
DATA 


Stress-strain curves were determined 
both in tension and compression for 
longitudinal and transverse specimens 
of the steels listed in Table ITI. 

Tension tests were made on standard 
rectangular test specimens with a 2-in. 
gage length.’ 

The compression tests were run in 
duplicate using both Huggenberger 
tensometers and the autographic com- 
pressometer. Stress-strain curves for 
one specimen of each steel are plotted in 
Figs. 9 through 11. Autographic curves 
are shown in Fig. 12. Yield strengths 
and modulus of elasticity are given in 
Table IV. 

The steels tested range in yield 
strength from approximately 50,000 to 
160,000 psi. on the basis of tension tests. 
It may be reasoned that if such steels 
as these could be tested satisfactorily 
despite the general tendency to buckle, 
especially when the material is thin, then 
weaker materials probably would not 
present any particular testing problem 
from these standpoints. 

The average values in Table IV were 
obtained from two individual values in 
each condition. The deviations repre- 
sented are also listed. The averages of 
the deviations for modulus of elasticity 
were 1.2 and 0.8 per cent for Huggen- 
berger and compressometer measure- 
ments, respectively. Average deviations 
of yield strengths were 1.0 and 0.8 per 
cent, respectively. Individual deviations 
for modulus of elasticity were as small as 
zero and as large as 3.1 per cent; yield 
strengths, zero to 2.3 per cent. Vari- 
ations in tests on multiple specimens of 


Standard Methods of Tension Testing of Metallic 
Materials (E 8 - 42), 1944 Book of A.S.T.M. Standards, 
Part I, p. 962. 


the same material by other investigators, 
such as Templin (10), are of the same 
order of magnitude. 

Compressometer measurements gave 
moduli of elasticity averaging 9.3 per 
cent -lower than those obtained with 
Huggenberger tensometers. One read- 
ing was lower by 26.1 per cent. These 
large discrepancies probably were due to 
factors discussed in the following section. 
Yield strengths averaged 0.9 per cent 
higher, with compressometer measure- 
ments ranging from +4.5 to —3.8 per 
cent above and below corresponding 
Huggenberger observations. Even so, 
the compressometer gave yield strength 
values that would probably be suff- 
ciently accurate for routine testing and 
moreover has the advantage of rapidity 
in testing. 

Comparison of longitudinal and trans- 
verse mechanical tests in Table IV leads 
to evaluations of the degree of anisot- 
ropy. The Huggenberger data give 
comparable values for this purpose. 
The transverse moduli of elasticity were 
found to be 2.8 to 9.8 per cent greater 
than longitudinal values from tension 
tests. Transverse yield strengths in 
tension were similarly 3.8 less to 9.0 per 
cent greater than longitudinal values. 
Compression tests showed transverse 
moduli of elasticity to range between 2.5 
per cent less and 10.3 per cent greater 
than longitudinal. Similarly, compres- 
sion yield strengths ranged from 8.2 to 
36.0 per cent greater than longitudinal 
values. Annealed Armco high-strength 
steel (50Y) had the least anisotropy, while 
full hard Armco high tensile stainless 
steel (type 301) had the most anisot- 
ropy of the materials tested in this 
investigation. 

Comparison of compression and ten- 
sion values reveals the necessity of the 
compression test for accurate structural 
data. The moduli of elasticity in com- 
pression from Huggenberger observa- 


tions on longitudinal specimens ranged 
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from 1.0 to 8.2 per cent greater than 
corresponding tension specimens. The 
corresponding values are 0.3 per cent 
less to 3.9 per cent greater when consid- 
ering transverse specimens. Yield 
strengths in compression from Huggen- 
berger observations ranged from 0.0 to 
17.5 per cent lower than corresponding 
longitudinal tension specimens with 
values 1.8 to 16.5 per cent greater for 
transverse specimens compared in the 


same manner, 


Discussion 
In the compression testing of speci- 
mens with flat ends there is an end effect 
which results from regions of large shear 
deformations diverging from the corners 
of the test specimen (11). This results 


TION 
AUTOGRAPHIC DATA 
OBTAINED FOR THIS 
SECTION A 
SECTION 
BARRELLING DUE TO 
LARGE SHEAR DEFORMATION 


Fic. 13.—Conditions Leading to Errors in 
Measurements (Exaggerated). 


in a symmetrical bulging of both ends of 
the specimen during test as schematically 
shown in Fig. 13. Bulging of this type 
was observed along the edges of the ends 
of specimens subjected to large plastic 
deformations. This condition is said to 
be somewhat alleviated by the use of 
lubricants such as graphite on the com- 
pression platens. The region affected by 
these large shear deformations at a 
maximum may be a distance from the 
end equal to the width. The affected 
area is a function of the specimen length, 
the shape of bearing area, and the 
amount of friction resulting from the 
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lateral motion of the end of the specimen 
undergoing deformation. Both ends are 
affected a maximum distance of 3 in. in 
the case of the 2-in. specimen used in 
this paper. This leaves the middle 
portion of 1 in., at the least, which is 
relatively unaffected by the end condi- 
tion. Huggenberger data are obtained 
on the section of the test specimen which 
is essentially free of the errors mentioned 
and should give more accurate data. 

A longer specimen length could have 
been chosen to get a greater test section 
under uniform compression; and stress- 
strain data then taken over this longer 
test section probably would have given 
better values for modulus of elasticity. 
But limits on length of stub ends would 
reduce the degree of strain that could be 
obtained. An autographic extensometer 
could be attached to this test section to 
eliminate errors resulting from the end 
effect. Yet, these errors can be tolerated 
to obtain the advantage of greater ease 
of specimen preparation and testing for 
determinations of yield strength. 

The modulus of elasticity derived from 
the autographic curves is also in error 
due to the deflection of the platen. A 
correction can be applied to the measure- 
ment. ‘This correction has been worked 
out and appears in the appendix to this 
paper. It may amount to as much as 
15 to 20 per cent and must be considered 
if the determination of the modulus of 
elasticity is to be obtained from the 
autographic curves. The excess defor- 
mation due to shear at the specimen ends 
is not taken into account in the above 
correction, and consequently moduli 
taken from autographic curves are still 
less than Huggenberger values. 

The autographic curves have a slight 
curvature in the initial stages of loading. 
This may be the result of seating of the 
ends. 

The autographic compressometer 
records the elastic deformation of the 
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platens plus the total deformation of the 
specimen (see Fig. 13). Yield strengths 
obtained were satisfactory, even includ- 
ing the error due to the end condition, 
as may be seen by examination of the 
data in Table IV. 

A source of error common to both 
methods of measurement is secondary 
buckling. This consists of numerous 
waves of very small amplitude through- 
out the length of specimens subjected to 
large strains (see Fig. 14). This condi- 
tion is evident only in the thinner speci- 
mens and may be due to the clearance 
caused by the film of lubrication on the 


Yl 


Fic. 14.—Illustrating Waving of Light Gage 
Specimens Between Flat Guides (Exaggerated). 


test specimen. It is believed that this 
effect is small and can be neglected. 

The length of the stub ends may be 
changed within the limits of their buck- 
ling strength. The stub lengths used in 
this investigation were based on a tan- 
gent modulus of elasticity (1) of 
4,000,000 psi. at the approximate yield 
strength of the material being tested. 
The stub end lengths were standardized 
on the strongest material tested. Shorter 
end lengths may be used providing the 
total length allows sufficient strain to 
obtain the necessary data. oo 


SUMMARY AND CONCLUSIONS 


1. The main purpose of the jig is to 
provide a flat-faced clamp which pre- 
vents buckling of the thin specimen and 


acts as a guide as the specimen is com- 
pressed. 

2. The single-strip compression jig 
described in this paper makes possible 
rapid determination of large quantities 
of compression data in sheet steels of 
0.010 to 0.100 in. in thickness. There 
is no local buckling in materials having 
yield strengths as high as 185,000 psi. 

3. The positioning ring of the jig 
provides an accurate method of dividing 
the excess of specimen length between 
the opposite ends of the jig. It main- 
tains the specimen in a vertical position 
until a small preload can be applied. 


Yy Li 


Fic. 15.—Schematic Diagram of Foundation 
Effect. 


4. The sides of the jig are slotted so 
that two 1-in. Huggenberger tensom- 
eters can be used to measure strains 
correctly. These also provide means of 
observing and eliminating eccentricity. 

5. The specimen is machined 0.500 
in. wide by sheet thickness. Two 
lengths of 2.000 and 1.950 in. are used 
for 0.020 to 0.100 and 0.010 to 0.020 in. 
thicknesses, respectively. Ends are 
ground parallel within 0.0001 in. 

6. The lengths of the two protruding 
ends are kept within certain limits, 
based on thickness and strength, so that 
the stress-strain data can be obtained 
without buckling of the specimen ends. 

7. Data from single-strip compression 
tests made on thin specimens machined 
from a homogeneous bar of S.A.E. 4330 
steel compared favorably with tests 
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made on solid cylinders machined from 
the same bar and tested without sup- 
port. 

8. Data from single-strip compression 
tests on seven identical specimens of 
high-strength steel had a maximum 
variation of 1.9 per cent from average 
values of yield strength and modulus of 
elasticity. 

9. Duplicate tests made on a group 
of high yield strength steels produced 
maximum deviations averaging about 
1 per cent. 

10. Yield strength determinations us- 
ing the compressometer device were 
within 4 per cent of corresponding 
Huggenberger values. The compressom- 
eter method of measuring compressive 
strains is much faster than the Hug- 
genberger method and can therefore be 
regarded as a useful way of making 
routine yield strength determinations. 

11. Nonuniformity of stress distribu- 
tion near the ends of flat-faced com- 
pression specimens causes errors in the 
determination of the moduli of elasticity 
when the compressometer is used. How- 
ever, the method used to correct for the 
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elastic deformations of the platens is 
given. 

12. Measurements using Huggen- 
berger tensometers appear to be essen- 
tially free of the above-mentioned errors. 

13. On the basis of comparisons be- 
tween longitudinal and transverse speci- 
mens, the single-strip compression test 
reveals definite anisotropy in the cold- 
rolled steels tested. Differences in com- 
pression and tension values were ob- 
served which appear to be the result of 


the same anisotropy. __ 
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APPENDIX I 


ELASTIC CORRECTION FOR FOUNDATION 


EFFECT OF AUTOGRAPHIC 


CURVES DETERMINED WITH THE COMPRESSOMETER. 


Mathematical symbols: 


P=Loadin pounds. 

= Width of specimen in inches. 

= Thickness of specimen in inches. 

Recorded deformation in inches. 

Deflection of foundation in inches. 

Original length of specimen in 
inches. 

4 = Deformation of specimen in inches. 


ll 


m = A function of the shape of the sec- 
tion. 
From Fig. 15 it can be seen that 


FF (1) 


The formula for deflection of an elastic 
foundation under pressure applied over 
rectangular areas is’ as follows (12): 


= Unit deformation or strain in speci- mP(1 — »*) 
men in inches per inch. 7 EVA 
E = Modulus of elasticity in pounds per De ot 


square inch. 
v = Poissons Ratio, 0.25. 
A = Cross-sectional area in square inches. 
F = Stress in pounds per square inch. 


From Eq. 2, let 
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Let a be the width to thickness ratio of 
the compression test specimen, 


w 


The quantity m which is a function of - 
the shape of the cross-sectional area ex- 
pressed in terms of @ is given by Timo-— 
shenko (12) and is reproduced as follows: 


TABLE OF FACTORS m 


| Rectangles with various a 


2 2 
0.96 | 0.95 0.94) 0.92| 0.88) 0.43) 0.71) 0.37 


Since A = wt, then K of Eq. 3 can be de- 


termined. Then, 
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Using Eqs. 1 and 4 we obtain 


Z — 2KP 
) 
(Z — 2KP) 
E L 


This equation is used for the determina- 
tion of modulus of elasticity from the auto- 
graphic curves. Note that Z/P is the 
reciprocal of the slope of the autographic 


load-deformation curve. 


REFERENCES 


_ (1) D. S. Wolford, “Significance of the Secant 


and Tangent Moduli of Elasticity in Struc- 
tural Design,”’ Journal of the Aeronautical 
Sciences, Vol. 10, No. 6, June, 1943, pp. 
169-179. 

— (2) C. S. Aitchison and L. B. Tuckerman, 
“The ‘Pack’ Method for Compressive 
Tests on Thin Specimens of Materials 
Used in Thin-Walled Structures,” N.A.C.A. 


Report No. 649, 1939. 
(3) C. S. Aitchison, “Extension of Pack 


Method for Compressive Tests,”’ N.A.C.A. 

Report No. 789, 1940. 
(4) C. S. Aitchison, Walter Ramberg, L. B. 
Tuckerman and Herbert L. Whittemore, 
“Tensile and Compressive Properties of 
Some Stainless-Steel Sheets,” Journal of 
Research, Nat. Bureau Standards, Vol. 28, 
No. 4, April, 1942, p. 499. (RP 1467.) 
Russell Franks and W. O. Binder, ‘The 
Stress-Strain Characteristics of Cold-Rolled 
Austenitic Stainless Steels in Compression 
as Determined by the Cylinder Test 
Method,” Proceedings, Am. Soc. Testing 
Mats., Vol. 41, pp. 629-645 (1941). 
(6) “Design Data on High Tensile Stainless 

Steel Sheets for Structural Purposes,” 


(5) 


The American Rolling Mill Co., Middle- 
town, Ohio (1944). 

(7) D. A. Paul, F. M. Howell and H. E. Gries- 
haber, “Comparison of Stress-Strain Curves 
Obtained by Single-Thickness and Pack 
Methods,” N.A.C.A. Report No. 819, 1941. 

(8) “Compressive Tests of Sheet Metal with 
Solid Guides for Lateral Support,” Séruc- 
tures Memorandum No. 10, Serial No. 839, 
Navy Dept., Bureau of Aeronautics, No- 
vember 10, 1942. 

(9) K. R. Jackman, “Improved Methods for 
Determining Compression Properties of 
Sheet Metal,” Automotive and Aviation 
Industries, Vo\. 90, No. 11, June 1, 1944, 
p. 36. 

(10) R. L. Templin, “Some Factors Affecting 
Strain Measurements in Test of Metals,” 
Proceedings, Am. Soc. Testing Mats., Vol. 
34, pp. 182-201 (1934). 

(11) A. Nadai, “Plasticity,” 1st American 
Edition, pp. 108-125, McGraw-Hill Book 
Co., Inc., New York, N. Y., 1931. 

(12) S. Timoshenko, “Theory of Elasticity,” 

Ist Edition, p. 338, McGraw-Hill Book Co., 
Inc., New York, N. Y., 1934. 


688 

the 

det 

ria 
th: 

inc 
the 

ust 
ria 
au 

ha 

tes 
jig 
co) 
$al 
pr 

da 
of 
It 
co 

pr 

= ad 
| It 

Ww] 

re: 
th 
ga 
pe 
by 
we 
te 
fil 
bt 
ir 
th 

Ne 


Mr. J. R. Townsenp! (by letter). — 
The authors are to be commended for 
the development of an improved jig for 
determining the yield strength and 
modulus of elasticity of thin sheet mate- 
rials under compression. We_ believe 
that the data presented by the authors 
indicate that the compression jig which 
they have developed is satisfactory for 
use in the inspection of thin sheet mate- 
rials. ‘The discussion presented by the 
authors in which they describe the be- 
havior of the test specimens, when 
tested in their single strip compression 
jig with Huggenberger tensometers as 
compared to similar tests made in the 
same compression jig but with the com- 
pressometer used to give autographic 
data, we believe explains the low values 
of modulus obtained in the latter case. 
It would, no doubt, be possible to modify 
the jig so that autographic recorders 
could be used with the single strip com- 
pression jig. This would be a distinct 
advantage if many tests are to be run. 
It would also be interesting to know 
whether the authors have compared the 
results of tests made on their jig with 
those made recently by other investi- 
gators in which the specimen was sup- 
ported in a manner similar to that used 
by the authors except that small recesses 
were left in the flats which support the 
test specimen. These recesses were then 
filled with grease to prevent lateral 
buckling of the test specimen without 
imposing excessive frictional forces on 
the test specimens. 

We believe this field of investigation 


Bell Telephone Laboratories, 
New York, 


should be further explored by others to 
determine whether other materials evi- 
dence this same anisotropy as shown by 
the steels covered by this investigation. 

Mr. Baxter C. MApDEN, Jr? (by 
letter)—The authors have presented 
information which should be empha- 
sized: namely, that when considering the 
mechanical properties of certain sheet 
and strip materials in various directions 
with respect to the direction of rolling, 
the minimum compressive yield strength 
may be considerably lower than the 
minimum tensile yield strength. Since 
the criterion for the design of aircraft 
structures is often the compressive yield 
strength, it is important to know its 
minimum value. There has been a 
tendency among some materials pro- 
ducers to overlook the importance of 
compression testing of sheet and strip. 

Regarding the testing procedure, item 
3 states “Tighten thumb-screws with 
moderate pressure.”’ Undoubtedly, dif- 
ferent operators would use different pres- 
sures with the probability that excessive 
pressure would sometimes be applied. 
It has been shown*® that considerable 
error in both yield strength and modulus 
of elasticity may occur in compression 
tests in which the manually adjusted 
initial supporting force is too large. Ex- 
cessive supporting force may be the 
reason for the compressive yield 
strengths of the single thickness tests, 
determined by Huggenberger gages (Ta- 


2Major, Air Corps, Materials Laboratory, Engineer- 
ing Div. 29 W right Field Dayton, Ohio. 

3 J.N. Kotanchik, W. Woods, and R. Weinberger, ‘‘In- 
vestigation of Methods of Supporting Single- Thickness 
Specimens in a Fixture for Determination of Compressive 
Stress-Strain Curves,’’ National Advisory Committee for 
Aeronautics Restricted Bulletin No. LSE15 (May, 1945). 
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ble I), being from 78,200 to 79,000 psi., 
while the solid cylinder value, tested 
without support and with Huggenberger 
gages, was 77,500 psi. Perhaps some 
simple addition to the jig could be de- 
vised which would limit, or indicate, the 
supporting force applied to the specimen. 

Mr. Wm. R. Oscoon.' (by letter). 
The importance of the compressive 
properties of sheet materials is receiving 
increasing recognition, as attested by the 
numerous devices developed in recent 
vears for determining those properties. 
The most recent one is the interesting 
and convenient jig described by Messrs. 
LaTour and Wolford. A few comments 
and questions suggested themselves in 
reading the paper: 

How was the internal flat surface 
against which the specimen is pressed 
made flat after hardening? 

Having the specimen project equally 
from both ends of the body of the jig 
may be very useful in obtaining the 
maximum possible strains on thin ma- 
terial. On the other hand, except for 
such material no advantage is apparent. 

It seems to the writer that a specimen 
2 in. long having a gage length of 1 in. 
is the very shortest specimen that should 
be used to avoid end effects. The writer 
would feel a little more comfortable if 
the specimen were 2} in., or preferably 
even 2} in. long. If the specimen is too 
long, the column effect in the plane of 
the specimen may introduce errors. It 
is necessary to compromise between 
these two effects: end effect and column 
effect. 

Although the authors’ wet-blotting- 
paper method may assure uniform strain 
at a low strain, even if the blotting paper 

is squeezed uniformly at higher strains, 
“the nonparallel relative motion of the 

heads of the testing machine may intro- 
duce considerable variation in strain 


Washington, D. C. 


4 Materials Engineer, National Bureau of Standards, 
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across the width of the specimen. The 
best way to overcome this difficulty, if it 
arises, is probably to use a subpress hav- 
ing a hollow plunger with a push rod 
transmitting the load to the plunger near 
the end of the plunger that is in contact 
with the specimen. If the screws of a 
screw-power machine are all alike and 
symmetrically situated relative to the 
center of the machine, and if the screws 
and the accompanying gears are accu- 
rately made, a subpress should not be 
necessary. Nor should a subpress be 
necessary with the conventional type of 
hydraulic machine if the ram is a good 
enough fit not to require packing, and if 
the upper head does not tilt under Joad. 

The authors’ jig is so stiff that it seems 
possible, if used for relatively thick 
specimens, at high strains the specimen 
may thicken enough (Poisson’s ratio) to 
cause appreciable friction between it and 
the jig. 

It is the writer’s opinion that if any 
large number of autographic compression 
tests is to be made, an autographic com- 
pressometer should be designed that acts 
on a gage length free from end effects. 

It should not be long before it is 
possible to buy commercially a jig for 
compressive testing of sheet metals that 
is comparable in convenience of handling 
to Templin grips for tension testing. 

Mr. R. L. Temprin® (by letter).— 
The authors of this both excellent and 
timely paper have described testing 
apparatus and procedure the use of 
which apparently will result in satisfac- 
tory compressive properties of thin sheet 
materials. In so far as yield strength 
values are concerned, their conclusions 
are unquestioned. Before accepting 
their procedures for modulus of elasticity 
determinations, however, it would seem 
desirable, if not necessary, to know the 


5 Assistant Director of Research and Chief Engineer of 
geste, Aluminum Company of America, New Kensington, 
a. 
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errors in the strain measuring equipment 
used. The ability of deformation meas- 
uring apparatus to repeat values, the 
possession of good sensitivity, or both, 
does not connote accuracy although these 
items are necessary ones for accurate 
measurements. It is, therefore, sug- 
gested that strain measuring apparatus 
used in determining modulus of elasticity 
values of materials should be calibrated 
as indicated by Wilson® and others.’ 

The procedure recommended by the 
authors for correcting for out-of-paral- 
lelism of the testing machine platens, 


4 3 2 4 « 
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Fic. 1.—Adjustable Bearing Block for Com- 
pression Tests of Materials. 


using wet blotting paper and finger dress- 
ing, might well be improved upon. For 
the type of testing machines used by the 
authors, corrections for errors in platen 
parallelism can be readily made with 
rather simple adjustable bearing blocks. 
One type of such blocks, as shown in the 
accompanying Fig. 1, is essentially com- 
prised of two hardened steel disks, one 
surface of each being out of parallel with 


°B. L. Wilson, ‘‘Proposed Method of Verification and 
Classification of Strainometers,” ASTM BuLLETIN, No. 
117, August, 1942, p. 83. 
7R. W. Vose, “Characteristics of the Huggenberger 
Tensometer,”’ Proceedings, Am. Soc. Testing Mats., Vol. 
M4, Part II, p. 862 (1934). 
- L. Templin, ‘The Calibration of Extensometers,”’ 
Ma eat Am. Soc. Testing Mats., Vol. 28, Part II, p. 
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the other surface of the disk by a definite 
but relatively small amount. The disks 
are made so that when one is placed upon 
the other, with the thickest dimension 
of one opposite the thinnest of the other, 
the over-all thickness of the two will be 
constant. As one of the tapered disks 
is rotated upon the other, the assembly 
as a whole becomes a tapered disk. 
Suitable graduation of one quadrant of 
each disk in accordance with a cosine 
function, and provision of a small cen- 
tering pin to maintain alignment during 
manipulation, result in a device which 
can be used to correct for errors in platen 
parallelism and is readily manipulated. 
In the Aluminum Research Laboratories 
we have constructed such adjustable 
bearing blocks to correct for maximum 
errors in parallelism of 0.001 to 0.0015 in. 
per inch of diameter. They have 
been graduated so that when the zeros of 
the two scales are opposite each other, 
the assembly will be parallel, and as like 
numbered graduations are turned to co- 
incidence the total taper in the assembly 
corresponds to the graduations in coinci- 
dence. With the bearing fixture on the 
lower platen of the testing machine and 
the zeros in coincidence, the movable 
platen of the machine is set in the posi- 
tion that will be used in testing. The 
amount and location of the maximum 
out-of-parallelism between the surface 
of and near the perimeter of the bearing 
fixture and the other platen of the test- 
ing machine is then determined with 
screw or dial gage micrometer. If this 
amount be 0.003 in., for example, the 
graduations of the bearing fixture corre- 
sponding to this value are turned into 
coincidence and the whole bearing fixture 
turned so that the coincident graduations 
are at the location of maximum error 
just measured. Parallelism is then re- 
checked and if not within the desired 
limits further slight adjustment of the 
fixture is made. No further adjustment 
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is required until the position of the ad- 
justable platen on the screws of the test- 
ing machine is changed. For a series of 


compression tests of the kind described 
by the authors, the adjustment of the 
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manipulate than the two Huggenberger 
tensometers. In 1943 an autographic 
strain-follower was designed and built 
in the Aluminum Research Laboratories 
as shown in the accompanying Figs. 2 


Fic. 2.—One-inch Gage Length Strain Follower for Use with Templin Autographic Apparatus in 


Compression Tests of Materials. 


_ Fic. 3.—Assembly of 1-in. Autographic Strainometer with Montgomery-Templin Compression 
Testing Jig for Thin Sheet Specimens. 


bearing fixture would be made only be- 
_ fore starting the tests. 

Referring to the “compressometer”’ 
described by the authors, one can readily 
appreciate that the device is easier to 


and 3. This strain gage has a 1-in. gage 
length, a lever magnification of 4X 
(over-all 250%, 500, or 1000) and 
weighs 0.57 oz. It is easily and quickly 
applied to a thin sheet compression speci- 
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men by merely pushing the ends of the 
spring wire, fixed in the frame of the 
strain-follower, into the two spring clips 
on the Montgomery-Templin jig. Con- 
nection with the autographic apparatus 
is then made as in the case of the com- 
pressometer described by the authors. 

Calibration of this strain-follower has 
been made using a long round tension 
specimen on which two Tuckerman opti- 
cal strain gages were mounted opposite 
each other and the autographic strain 
follower in line with and adjacent to one 
of the Tuckerman gages. ‘The specimen 
was strained through ball and socket 
adapters in a Baldwin Southwark Test- 
ing Machine of 500-5000-50,000-lb. ca- 
pacity, which had been carefully cali- 
brated using apparatus certified by the 
National Bureau of Standards. The 
Tuckerman gages had likewise been cali- 
brated by the National Bureau of Stand- 
ards. Use of the two Tuckerman gages 
permitted a determination of the magni- 
tude of nonuniformity of strain in the 
calibration specimen and location of the 
autographic strain gage adjacent and in 
line with one of the Tuckerman gages 
permitted a direct comparison to be made 
between these two types of strain meas- 
uring apparatus. 

The Tuckerman gage readings differed 
by not more than 0.6 per cent, and the 
autographic strain gage in five succes- 
sive runs showed variations from the 
adjacent Tuckerman gage ranging from 
—0.2 per cent to +0.6 per cent, average 
+0.12 per cent. 

This autographic strain gage measures 
strain on only one edge of the specimen, 
and this has been cited by the authors as 
a criticism of the method used by Jack- 
man (reference 9). As _ previously 
pointed out in reference 10, noted by the 
authors, if uniform axial loading of a 
compression specimen can be accom- 
plished within acceptable limits, strains 
need be measured on only one element of 
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the specimen. The authors have used 
the two Huggenberger tensometers to 
check the correction for out-of-paral- 
lelism of the testing machine platens and 
perhaps also to a negligible extent in 
view of the limits they have imposed on 
the machining tolerances, for checking 
the errors in the parallelism of the ends 
of the specimen. 

It is suggested that if the parallelism 
of testing machine platens can be brought 
within limits corresponding to those indi- 
cated for the test specimens by the 
authors, there is no need for strain meas- 
uring apparatus on more than one of the 
edges of the specimen. Furthermore, 
the autographic strain measuring device 
just described and used as shown in 
Fig. 3 would give results in all prob- 
ability as good as those obtained by the 
authors using Huggenberger tensometers 
and may well be more readily manipu- 
lated than the compressometer they have 
described. Certainly the apparatus has 
given very satisfactory results in com- 
pression tests of thin sheet aluminum in 
our laboratories ever since it was put into 
service eighteen months ago. 

In most of these compression tests, 
only yield strength values are of interest. 
Furthermore, we have been able to cor- 
rect out-of-parallelism of our testing ma- 
chine platens within acceptable limits for 
aluminum specimens so that the use of 
an adjustable bearing block is unneces- 
sary for satisfactory yield strength de- 
terminations using the autographic de- 
vice described. It is appreciated, how- 
ever, that an adjustable bearing block is 
needed for the more precise tests. 

Mr. G. WELTER? (by letter).—In con- 
nection with the above paper, I should 
like to draw the attention of the authors 
to my paper in the 1944 Proceedings en- 
titled ‘“‘“Micro-Deformation under -Ten- 
sion and Compression Loads of’ Thin 


8 Professor of Applied Mechanics, Ecole Polytechnique, 
Montreal, Canada. 
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Aluminum Alloy Sheets for Aircraft 
Construction,” presented at the 1944 
Annual Meeting of the Society.’ 

This paper deals particularly with the 
same problem, that means the testing of 
single thin and flat specimens in com- 
pression, recording autographically the 
load-deflection curve. The main diff- 

, culties which the authors discuss in their 

paper have been avoided by this method. 

It seems as if this paper did not come 

4 in due time to the attention of the 
authors. 

Mr. JAmMes A. MILLER"® (by letter). 
We were very much interested in com- 
paring the technique we have developed 
at the National Bureau of Standards 
with this independent work of LaTour 
and Wolford. The authors are to be 
congratulated in developing a convenient 
and successful method of testing sheet 
metal in compression. They have also 
made an excellent summary of the diffi- 
culties found in previously developed 
methods for compression testing of thin 
sheet metal. Their summary is in ac- 
_ cord with our experience. 

In continuing, at the request and with 
the support of the Bureau of Aeronautics 

_ of the Navy Department, the work at 
the National Bureau of Standards de- 
scribed in reference 8, we have found 
that compression tests on sheet metal 
can be made with a simple fixture having 
solid guides with the same precision as 

: _ pack tests or tests with the Montgomery- 

Templin fixture. Furthermore, tests 
could be made on thin high-strength 
_ sheet which we were not able to test by 

either of these methods. Our fixture and 

procedure are described briefly in a dis- 
cussion of another paper." 

From these independent investigations 


» Proceedings, Am. Soc. Testing Mats., Vol. 44, p. 665 

1944). 

- 10 Assistant Physicist, National Bureau of Standards, 
Washington, D. C. 

Georges Welter, ‘“Micro- Deformation Under Tension 
and Compression Loads of Thin Aluminum Alloy Sheets 
for Aircraft Construction,”’ Proceedings, Am. Soc. Testing 

; Mats., Vol. 44, p. 683 (1944). 


it appears that fairly successful results 
can be obtained using fixtures with con- 
siderable differences in design. We wish, 
however, to discuss certain details of 
our test fixture and procedure which we 
think have some advantages over those 
described in the present paper. 

In compressive tests of sheet materials 
it is desirable that sufficient lateral sup- 
port be furnished to prevent premature 
buckling without introducing appre- 
ciable restraint to lateral expansion of 
the specimen. ‘The increase of the thick- 
ness of sheet under axial load is restrained 
to some extent by the fixture either 
through the pins, rollers or guides ac- 
cording to the type of fixture. This 
lessens the axial compression under any 
given load and increases the apparent 
initial modulus of elasticity and affects 
even more the strain at high stresses at 
which plastic yielding occurs. This 
effect is greater for the thicker specimens. 
It may account for the high value of 
32,000,000 psi. for the 0.100-in. thick 
specimen reported in Table I and for the 
strains of the single-strip specimens 
(Fig. 7) being noticeably less than those 
for the cylinder for stresses above 70,000 
psi. 

Because of this effect and also because 
of increased friction between the speci- 
men and the guides due to increased 
pressure exerted as the specimen be- 
comes thicker, it is desirable to keep the 
lateral restraint as small as is compatible 
with preventing buckling. In our fix- 
tures the lateral restraint is far less rigid 
than in the authors’ fixture. The 8-32 
screws which we use for clamping offer 
comparatively little resistance to in- 
crease in thickness of the sheet yet they 
have provided ample lateral support to 
prevent buckling of sheet as thin as 
(0.006 in. up to stresses of 160,000 psi. 
and on specimens 0.020 in. thick up to 
stresses of 250,000 psi. 

To see how much the lateral restraint 
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affected the initial modulus we made 
comparative tests on aluminum alloy 
sheet 0.128 in. thick under no lateral 
pressure, under our usual lateral pressure, 
and under pressure so high that we could 
not move the guide blocks with the 
fingers. The values obtained for the 
initial modulus were 10,600,000, 
10,620,000 and 10,630,000 psi., respec- 
tively, showing the expected but, in our 
judgment, negligible increase in initial 
elastic modulus. 

We do not understand why the authors 
felt it necessary to make their specimens 
(nominally 2 in. long) 0.10 in. or even 
().05 in. longer than the test jig. In all 
the curves they show, the 0.2 per cent 
offset yield strength was reached at 
strains less than 0.009 in. per inch. To 
determine this yield strength, which is 
the basis for practically all present speci- 
fications, the 2-in. specimens would need 
to be only 0.02 in., plus a few thou- 
sandths for end clearance, longer than 
the jig. We do not see why the authors 
could not use a specimen up to 4 in. in 
length with the same excess of length 
over the length of the jig as they have 
for a 2-in. specimen. This would give 
sufficient length for mounting an auto- 
graphic gage on the specimen well away 
from the ends. 

We have so far not found it necessary 
to make the specimen protrude from each 
end of the test jig and so have not used 
anything corresponding to the authors’ 
positioning ring. In case we desired to 
center the guides on the specimen it could 
be done easily after a small load had been 
applied by sliding the fixture along the 
specimen with the fingers. 

In order to minimize the effects of 
friction we have felt it desirable, in each 
assembly of a specimen in the test jig, 
to assure ourselves that, within reason- 
able limits, the initial friction is small. 
We adjust the clamps until the guides 
do not slide on the specimen under their 
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own weight but do slide under an addi- 
tional weight of 1lb. This degree of 
clamping pressure has proved adequate 
to prevent lateral buckling. 

Except in the case of some steels and 
magnesium alloys which yield locally it 
is practically always possible, after the 
yield stress is passed and the gages re- 
moved, to slide the test jig on the speci- 
men with the fingers. When this is not 
the case we usually find evidence of some 
fault in our mounting technique. 

We have not found it necessary to use 
blotting paper to obtain reasonably even 
loading at the two edges of a specimen. 
In our more rigid machines we have ob- 
tained satisfactory results by sealing, at 
the beginning of a series of tests, the 
upper bearing block to the upper head of 
the testing machine with a thin shim of 
plaster of Paris. The two bearing blocks 
are in contact and under a load of about 
500 Ib. while the plaster is setting. In 
machines which have appreciable lateral 
movement of the heads relative to each 
other we use a special subpress. In these 
machines very little improvement can be 
obtained by equalizing the strain at low 
loads. 

In conclusion we wish again to con- 
gratulate the authors on their inde- 
pendent development of a successful 
testing technique and their clear presen- 
tation of their technique and experi- 
mental results. 

Messrs. Harry LATour AND Don 
S. WoLFrorD (authors’ closure by letter).— 
The authors are gratified by the interest 
shown in their paper by those who have 
submitted discussions. It is believed 
that the remarks that follow will answer 
most of the questions that have been 
raised. 

The area of the heads of the testing 
machines in contact with the platens 
was checked by means of a surface gage 
and found to be parallel within 0.0001 
in. at the start of the tests. Only two 
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of the 56 specimens listed in Table IV 
adjustment for eccentricity 
by means of finger-dressing of the wet- 
The loading of speci- 
mens was considered sufficiently axial 
provided the initial readings of the 
opposite gages did not deviate from the 
mean value more than 10 per cent. 
values shown in Table I of the discussion 
indicate that the initial deviations were 
usually less than 10 per cent, averaging 
5.4 per cent for the seven specimens 
It is evident that strains must be 
based on the average of readings made 
at both edges even when axiality is 
maintained within 10 per cent. 
likelihood of a specimen being loaded 
eccentrically because of inaccuracies of 
specimen preparation and alignment of 
apparatus certainly necessitates the use 
of two gages if strain errors are to be 
Mr. Templin’s adjustable 
bearing block appears to be a more 
positive method of making small adjust- 
wet-blotter method 
The wet-blotter 


blotting paper. 


described in the paper. 
method is not intended for correcting 
the nonparallel head motions of screw- 
type machines described by Mr. Osgood, 
who rightly recommends the use of a 


authors’ tests the percentage deviations 
readings at opposite 
edges decreased at high stresses com- 
pared to those observed initially. 
the accompanying Table I. 

Messrs. Osgood and Miller discuss 
the possibility that the authors’ jig is 
excessively rigid, and expressed the 
opinions that the Poisson effect might 
cause undue friction, particularly with 
the thicker specimens. 
that the Poisson effect may lead to 
excessive friction between the specimen 
and the jig body if the latter is too rigid. 
However, the data in Table I show no 
significant increase in yield strengths 
with respect to thickness. 


between strain 


It is recognized 


the moduli of elasticity are within usual 
variations except the 0.100-in. specimen 
which had a high value of 32,000,000 
psi. It is conceivable that this high 
value may have been influenced by 
friction. 

The authors constructed their jig for 
very large strains in excess of those 
required for 0.2 per cent offset strength 
so that compression properties could 
be obtained well into the plastic range. 
One use for compressive properties at 
large strains is for rationalization of the 
behavior of metal in plastic bending. 
Another important use of such data is 
its application to forming and drawing 


TABLE I—STRAIN DEVIATION BETWEEN 

OPPOSITE EDGES OF SEVEN _IDENTICAL 

SPECIMENS OF _ 0.050-IN. ARMCO _ HIGH 

STRENGTH STEEL (50Y) USING HUGGEN- 
BERGER TENSOMETERS. 


Deviation in Strains Observed 
at Opposite Edges of 
Specimen, per cent 
Specimen 
At Initial Load| Qt Yield 
( i 
(approximately 
| 48,000 psi.) 
No. 2... 5.2 2.8 
10.7 5.5 
9.0 5.8 
Average... 5.4 | 


problems. The authors chose a com- 
pression specimen size of 0.500 by 2.000 
in. which is the same as the dimensions 
of the gage portion of a standard rec- 
tangular tension test specimen with a 
2-in. gage length. The data obtained 
for compression and tension should then 
be comparable. 

A specimen length of 2 in. is probably 
the shortest that should be used in single- 
strip compression specimens of 0.500-in. 
width when a 1-in. gage length is used. 
The authors have seen no evidence that a 
longer specimen with the same 1-in. 
gage length would produce more accurate 
strain measurements. However, further 
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study of specimen size and shape should 
be made before a standard size is 
adopted. 

No comparison has been made of 
results obtained in the authors’ jig 
with those obtained using recessed 
guides, as discussed by Mr. Townsend. 

Mr. Maddon’s comment regarding 
the possibility of excessive side pressure 
cannot be answered quantitatively since 
the application of correct thumb-screw 
pressure was learned by experience. 
The authors do not consider the 2 per 
cent difference in yield strength in Table 
I of the paper as a significant indication 
of excessive side pressure. 

Mr. Osgood’s question regarding the 
method of securing flatness of the 
internal surface against which the speci- 
men is pressed is answered as follows: 

The flat surface was machined flat from 
a round hole using a shaper and file be- 
fore hardening and then lapped with a 
flat bar after hardening. 

Mr. Templin raised the question as 
to the calibration of the gages used in 
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modulus of elasticity measurements. 
The Huggenberger tensometers were 
calibrated prior to the authors’ tests 
by a laboratory that specializes in 
servicing such instruments. 

The authors regret their omission of 
reference to Mr. Welter’s paper which 
gives further evidence of the merits of 
flat guides for supporting single-strip 
compression specimens. They also hope 
that the work of Mr. Miller and his 
associates will be available generally 
in published form in the near future. 

At the time the authors initiated their 
first studies of flat guides for supporting 
single-strip compression specimens they 
were seeking a simple method of deter- 
mining compression properties of sheet 
steel as processed, and were unaware 
of the independent works of Jackman, 
Welter, Miller and others. The mount- 
ing interest in the single- -strip method of 
testing sheet materials in compression 
using flat guides should lead t to a stand- 
ardized method. 
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to make a test. 


including means of 


curve. 


a rapid 


Despite the fact. 
that the compression test is one of 
the oldest, good methods of perform- 
ing this test on all forms of materials 
have not been available. The most 
recent developments have been in 
the field of sheet materials. The 
‘“‘nack’’ compression method pre- 
sented by the National Bureau of 
Standards (1)? is satisfactory except 
that it is time consuming. Mont- 
gomery’s single-thickness method 


_ simplified the machining and set-up. 


It also decreased the time required 
Various means of 
supporting the single-sheet speci- 
men have been used (2), and adap- 
tations of autographic strainometers 
have speeded up the testing proc- 


ess (3). 


The purpose of this paper is to 


_ discuss the factors encountered in 


compression testing of sheet-like 


_ specimens of magnesium alloys, and 


* Also published in ASTM Buttetin, No. 135, Au- 
gust, 1945, p. 27. 

1 The Dow Chemical Co., Midland, Mich. 

2 The boldface numbers in parentheses refer 


to the list of references appended to this paper, 


see p. 704. 


COMPRESSION TESTING OF MAGNESIUM 


Methods of compression testing of magnesium alloy sheet are presented, — 
obtaining an 
This method, which should be satisfactory for other metals, com- 
bines an adaptation of the Baldwin-Southwark Model PSH-S8 extensometer 
_ with a Montgomery-Templin type jig. 
Results of tests made by various methods, including ‘“‘pack” and single- 
sheet, are given for magnesium alloys in thicknesses from 0.016 in. to 0.250 
in. The use of a reduced-section specimen is recommended. 
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ALLOY SHEET* 


By A. A. Moore! anp J. C. 


SYNOPSIS 


autographic stress-strain 


to present a rapid method of auto- 
graphic stress-strain recording which 
is comparable in speed to that ob- 
tained under similar conditions in 
a tension test. The accuracy of 
strain recording is good, but the 
stress measurement includes the 
frictional component inherent in 
any means of support. 


Test MernHops a 


The chief problem in sheet com- 
pression testing is to prevent buck- 
ling by using lateral support. At 
the same time, the frictional load 
must be a minimum. Any material 
in compression expands laterally 
even in the elastic range and the 
amount of frictional load developed 
depends on the supporting surface 
and its rigidity. The yield strength 
is of primary interest in compression 
testing, and fortunately the error 
introduced by friction up to this 
point on the stress-strain curve is 
small. In single-sheet testing, the 
specimen is left unsupported at one 


General: 


= 


end to allow sufficient compressive 
strain for the specimen to reach the 
yield strength before the platens 
contact the supporting jig. On very 
thin material this unsupported end 
will buckle. 

Several methods of supporting 
the sheet specimens have been used. 
The pack method (1), as shown in 
Fig. 1, uses a pack of several pieces 


n 
€ 
e 
n 
of the same material. The indi- 
” vidual sheets are cemented together 
c- and supported by lateral rods. 
it Sandwich methods have been 
id used employing smooth flat surfaces 
al clamped to the specimen (2). For 
ly a permanent setup where the num- 
he ber of tests make it worth while, 
ed the Montgomery-Templin jig is pre- 
> ferred. For any given material, the 
th type of support to be used should 
” be selected after tests have been 
vd run by several methods. Flat plates 
_ are cheaper and provide support 
he closer to the ends of the specimen 
than rollers. For this reason they 
” must be used on very thin material. 
On some magnesium alloys it was 
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Fig. 1—Pack Compression Test with Tuckerman Gages. 


found that rollers gave less friction 
and were preferable to flat polished 
surfaces. The probable reason for 


this will be discussed later. ane 


Tuckerman gages are used for 
precise determination of strain, with 
one mounted on each edge of the 
sheet specimen. A faster method 


Strainometers and Jig: 


of strain determination is desirable 
if the number of tests is large. Since 
a Templin recorder system was 
already in use, a setup was devised 
to record single-sheet compression 
stress-strain curves autographically 
(5). 

Figure 2 shows the arrangement 
which includes a Baldwin-South- 
wark Model PSH-8 high-tempera- 
ture extensometer with the regular 
adapters replaced by short rigid 
legs. The legs are equipped with 
knife-edges which are clamped 
against the specimen with spring 
pressure. The gage is held in place 
by a spring which allows vertical 
movement. Strain is measured over 


= 
: 
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a l-in. gage length in the middle of 
the specimen. Strain readings ob- 
tained from opposite sides of the 
specimen are transmitted to the 
extensometer, which is of the Peters 
averaging type. Since the jig re- 
strains bending in all but the one 
plane, a close approximation of the 
compression strain is obtained, even 
if some bending is present. 


Fic. 2.- 


To insert a new specimen, the 
knife-edges are pulled apart and the 
jig moved forward. The knife- 
edges are rested on the jig while the 
specimen is changed and then the 
process is reversed. The gage length 
is determined by the knife-edges 
which are locked together until after 
the specimen is in place. A com- 
pleted compression _ stress-strain 
curve on single sheet takes about 
as much time as for tension. 

This method was adopted to 
make use of the single-sheet jig 
which had been used with Tucker- 
man gages. Modulus values ob- 


Sheet Compression Test 


Moore AND McDoNALD 


tained vary about 200,000 psi. from 
a mean of 6,500,000 psi. This 
variation in modulus is less than 
that usually obtained in tension 
tests with comparable equipment. 
The recorder and testing machine 
were of the type usually used for 
control purposes and no _ special 
calibration factors were used. The 
testing machine was accurate within 


Autographic Gage. 


0.5 per cent when calibrated with 
a Morehouse proving ring. The 
accuracy of the extensometer and 
recorder was checked by means of a 
comparator against a calibrated 
Tuckerman gage and was accurate 
within 0.0001 in. No attempt was 
made to control the room tempera- 
ture other than the regular heating 
system thermostats. 

The jig shown is similar to the 
Montgomery-Templin and is 2.600 
in. long. Rollers 0.095 in. in diame- 
ter were used first but were 
later changed for ones 0.064 in. in 
diameter. The flat supporting sur- 
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faces used are ground and highly 
polished. 


Test SPECIMEN 


The regular rectangular specimen 
was tried first. It was found that 
at least 0.045 in. extra was needed 
on magnesium sheet alloys in addi- 
tion to the jig length of 2.600 in. 
For the 0.064-in. diameter rollers, 
this left 0.077 in. of unsupported 
material. Buckling was encountered 
on some of the stronger alloys at a 
thickness of 0.032 in. when 0.064- 
in. rollers were used. 

Cementing two or more thick- 
nesses of thin sheet together to form 
a pack for use with the single-sheet 
jig did not help much in eliminating 
the tendency to buckle. Another 
method tried was to put a reduced 
section in the middle of the test 
specimen. Sheet 0.025 in. could 
then be tested before buckling oc- 
curred between the rollers. Other 
advantages for this type of speci- 
men were discovered which will be 
discussed later. 

Flat plate supports were tried 
with reduced-section specimens and 
material down to 0.016 in. thick 
was tested successfully. Tests were 
then run to determine how the use 
of the various supporting surfaces 
affected the test results. 


Resutts or TESTS 

The various types of stress-strain 
curves obtained in compression of 
magnesium alloys have been pub- 
lished elsewhere (4). Meitallurgical 
factors, such as orientation, de- 
termine the type of compression 
stress-strain curve which may be 
obtained. Some compression curves 
are similar to the tension curves 
but others are different. For pur- 
poses of illustration, two types of 
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compression curves are shown in 
Fig. 3. One is of Dowmetal 
O-1HTA‘ extrusions,where the curve 
deviates gradually from the modulus 
line much as in tension. The other 
is of 0.064-in. thick Dowmetal 
FS-la sheet which exhibits a sharp 
knee similar to that obtained with 
mild steel. In this material, 
Lueder’s lines appear, as in steel, 
at the yield point. Consequently, 
the yield strength may be deter- 
mined satisfactorily by the drop-of- 
beam method. 

The stress-strain curves in Fig. 3 
were made autographically with the 
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Fic. 3.—Compressive Stress-Strain Curves 
of Extruded Dowmetal O-1HTA and 
Load—200 lb. per division. _ 
Strain—3.45 per cent per division. 
Modulus lines—6,500,000 psi. 
reduced-section specimens. It will 
be noticed that the strain magni- 
fication is 290 to 1. While the 


of Dowmetal FS—1aSheet. 
apparatus shown in Fig. 2 using 
2 See Table IV for compositions. 
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nominal magnification used is 250 
to 1, the actual magnification is as 
given because the extensometer was 
used with a different recorder than 
the one for which it was designed. 
The strain is recorded by a reverse 
arrangement of the extensometer 


right, as in tension. 


legs, so that the curve bears to the 
This is done 
for convenience in recording. 


men showed a local thickening at 
the Lueder’s lines and wedged in 
the jig. All strain was absorbed 
locally and none was obtained from 
the l-in. gage length in the middle 
of the specimen. This gave a con- 
siderable wait with neither stress nor 
strain being recorded. It was also 
found that the frictional load caused 
by the thickening was greater with 


TABLE I.—COMPARISON OF PACK METHOD TO PLATE SUPPORT AND ROLLER 


SUPPORT 
Values shown are the average of three tests. 
Yield Strength, psi. 
Direction 
Alloy Gage, in. of Testing Flat Plate Rollers | Pack 
Pb dtekigneceucuwes 0.125 Long. 19 200 17 700 17 800 
Trans. 19 400 17 600 17 600 
0.064 Long. 18 100 18 300 17 900 
Trans. 19 000 19 400 19 000 
0.125 Long. 29 400 28 400 29 200 
Trans. 29 600 29 500 29 
0.064 Long. 30 500 30 100 30 300 
Trans. 32 700 32 100 31 
0.125 Long. 14 800 13 13 600 
Trans. 13 600 12 600 12 
0.064 Long. 12 100 12 12 600 
Trans. 13 100 12 900 13 100 
0.125 Long. 18 300 18 000 17 800 
Trans. 17 100 16 800 17 400 
0.064 Long. 20 000 19 400 19 500 
Trans. 18 200 17 900 17 900 


When a rectangular specimen of 
FS-la was used, the Lueder’s lines 


were observed to start from one end 
of the specimen, generally the pro-* 
jecting end. As the test progressed, 


flat plates than with roller support- 
ing surfaces. This is shown in 
Table I, especially for the 0.125-in. 
thick annealed sheet. 

Lueder’s lines are found after 


the lines proceeded toward the compression on cold-rolled sheet 
7 middle of the specimen. The speci- and on extruded material. The 
TABLE II.—COMPARISON OF VARIOUS SUPPORTS TO NO SUPPORT. 
Values shown are the average of two tests. = 
Yield Strength, psi. 
Roller Supports 
Specimen 
Direction Reduced- 2 in. Long 
Alloy Gage, in. of Testing Plain Bar | Section Bar Pack No Support 
Sas acednnsos 0.250 Long. 15 400 15 300 15 600 14 600 
Trans. 16 300 15 900 15 900 15 000 
ES 6 icuewawune 0.250 Long. 27 600 27 27 900 26 900 
Trans. 31 200 31 300 31 300 30 300 
0.250 Long. 15 100 15 100 14 700 14 600 
Trans. 15 700 15 900 15 500 15 400 
cakewisswauaes 0.250 Long. 25 100 25 500 26 300 24 800 
Trans. 29 300 29 700 30 300 28 500 
Diectiawnencawas 0.250 Long. ll 11 500 11 600 11 100 
Trans. 10 900 10 900 10 900 9 900 
0.032 Long. 17 700 17 100 7 600 
Trans. 20 100 18 600 18 200 
0.032 Long. 31 400 31 800 
Trans. 32 800 33 200 a 
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Buckled below yield strength. 


] 
d 
7 < 
i 
i 
| | 
( 
] 
6 
‘ 


On CompRESSION TESTING OF MAGNESIUM ALLOY SHEET. 703 © 


effect is less pronounced on the 
stronger material with less local 
thickening. The results of tests 
were about the same on cold-rolled 
sheet regardless of whether roller or 
flat plate supports were used. 

The use of a reduced section 14 
in. long with an area about 15 
per cent less than the ends elimi- 
nated the Lueder’s lines, except in 
the reduced section, and decreased 
the frictional load some cases, 
as will be seen from Table II. 
Alloy FS-la gave much lower values 
when a reduced section was used. 
With all of the plastic strain taking 
place in the reduced section the 
specimen length was changed to 
2.630 in. The standard specimen 
in use at the present time is shown 


in Fig. 4. 
VA 


2.630- 


Fic. 4.—Reduced-Section Specimen. 


It is recognized that any form of 
support will give a higher value. 
This is shown by Table II where 
specimens from }-in. plate were 
tested as a single sheet with roller 
supports, as a pack, and unsup- 
ported. The unsupported specimens 
were 2 in. long and 3 in. wide. The 
strain was measured over a 1-in. 
gage length in the middle. The 
average of all tests on }-in. plate 
shows the unsupported specimens 
to have a yield strength 4.4 per cent 
lower than the average of the values 
obtained with reduced-section speci- 
mens supported by roller surfaces. 
Individual values ranged from 3.2 


to 9.0 per cent lower but part of 
this may be due to material varia- 
tion. 

Sheets 0.125 in. and 0.064 in. 
thick were tested for a comparison — 
of single-sheet results with the 
pack method. Good agreement was — 
obtained between the pack and — 
single-sheet methods; especially 
rollers were used. The pack speci- 
mens buckled below the yield 
strength when 0.032-in. Dowmetal 
FS-1h sheet was tested. 


TABLE III.—COMPARISON OF ROLLER 
SUPPORT TO PLATE SUPPORT FOR 0.016- 
IN. SHEET REDUCED 
O i 


Values shown are the average of two tests. 


Yield Strength, psi. 


Gage, | Direction Flat 
Alloy in. of Testing | Plate Rollers 
FS-la...| 0.016 Long. 18 300 | 18 2004 
Trans. 18 600 | 18 0004 y 
FS-lh...| 0.016 Long. 29 600 | 29 0004 
Trans. 30 700 | 29 000% © 
Buckled. 


Table LI shows the results of 
tests on 0.016-in. FS-la and FS-1h 
sheet. Reduced-section specimens 
were used. None of those tested 
with flat plates buckled, while those 
tested with roller supports did. In_ 
all cases the yield strength was 
apparently reached before buckling 
as shown by comparison with the 
results from the tests made with : 
flat plate supports. Buckling is 
always undesirable because it is’ 
never known whether it occurred 
below the yield strength or not. 

From the tables presented, it will | 
be noted that the annealed sheet 
(designated by the letter a) was: 
more sensitive to test methods than | 
the cold-rolled or stronger — 
(designated by the letter h) which 
stressed 
This also applies to. 
specimens machined 


are generally used in 
applications. 
single-sheet 


from extrusions, such as angles, 

channels, and tees, that is, stronger 
alloys are less sensitive than the 

weaker alloys. 

SUMMARY 


1. On commercial Dowmetal 
sheet alloys the regular pack method 
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(a) Flat plate supports, reduced 
section specimen—less than 0.016 
in. 

(b) 0.064-in. diameter roller sup- 
ports, rectangular specimen—0.032 
in. 

(c) 0.064-in. diameter roller sup- 


TABLE IV.—NOMINAL CHEMICAL COMPOSITION ad MAGNESIUM-BASE ALLOYS 
TESTED, PER CENT 


Manganese, Nickel, 
Alloy Aluminum min. Zine Iron, max. max. 
ee 3.0 0.2 1.0 0.005 0.005 
6.5 0.15 0.9 0.005 0.005 
8.5 0.15 0.5 0.005 0.005 


with supporting rods } in. apart 


could be used for 0.064-in. sheet. 
The 0.032-in. sheet buckled. 

2. Accurate compression stress- 
strain curves may be obtained in 
single-sheet tests by use of regular 
autographic equipment with a suit- 
able jig. 

3. In single-sheet specimens the 
following limiting minimum thick- 
nesses were found: 


(1) C.S. Aitchison and L. B. Tucker- 

man, “Pack Method for Compressive 

i Tests of Thin Specimens of Materials Used 

in Thin-Wall Structures,” Nat. Advisory 

: Committee for Aeronautics, Report No. 
649 (1939). 

(2) K. RR. Jackman, “Improved Meth- 
ods for Determining the Compression 
Properties of Sheet Metal,’’ Automotive 
and Aviation Industries, Vol. 90, No. 11, 
pp. 36-38, 82 (1944). 

(3) A. Epstein, ‘‘Automatic Record- 
ing of Data Speeds Structural Work,” 


ports, reduced section specimen— 
0.025 in. 

4. Some magnesium sheet alloys 
exhibit a sharp-kneed compressive 
stress-strain curve accompanied by 
pronounced Lueder’s lines similar 
to tension on mild steel. 

5. The use of a reduced-section 
single-sheet specimen is recom- 
mended for some alloys and condi- 
tions. 
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Product Engineering, Vol. 15, pp. 557-560 
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(4) E. J. Eastman, J. C. McDonald, 
and A. A. Moore, “The Relation of Stress 
to Strain in Magnesium Base Alloys,” 
Preprint, Inst. Acronautical Sciences, 
Jan., 1945. 

(5) R. L. Templin, “An Automatic 
Autographic Extensometer for Use in 
Tension Tests of Materials,”’ Proceedings, 
Am. Soc. Testing Mats., Vol. 32, Part II, 
p. 783 (1932). 
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The usual pro- 
cedure for obtaining specimens for 
impact testing of metals cast in sand 
involves the machining of the fin- 
ished specimen from an oversize 
cast-to-shape test specimen, or the 
_ machining of a specimen from a sec- 
tion of a production casting. This 
isan expensive and time-consum- 
ing operation which mitigates 
against common use of the test 
except in certain required instances. 

The author has been concerned 
nD with the development of a body of 
- data relating to the properties of 
- sand-cast aluminum alloys, and in 
this work it has been desirable to 
include impact values. The chief 
deterrent to such a program is the 
expense and time delay referred to 


0 above. Hence it was decided to 
1, investigate the possibility of pro- 
38 ducing cast-to-size impact test speci- 
i mens in green sand which would 
' satisfy the following criteria: 

: 1. Multiple test specimens from 
s, one casting were desired so that a 
I, number of specimens would be 


available for duplicate tests. 

2. The test specimens from a 
single casting should produce rea- 
sonably consistent impact values. 

3. Test specimens from different 


*Also published in ASTM Butuetin, No. 135, 
August, 1945, p. 24. 

'Central Research American 
Smelting and Refining Co., Barber, N. J. 


CAST-TO-SIZE IMPACT SPECIMENS FOR ALUMINUM SAND 
CASTING ALLOYS* 


J By R. A. Quaprt' 


castings produced under similar 
conditions should give comparable 
results. 


It could not be predicted how the 
impact values obtained would com- 
pare with those found on specimens 
machined as in standard practice, 
hence machined test specimens were ~ 
utilized for comparison purposes 
throughout the investigation. 


METHOD AND DaTA 


The type of specimen investigated | 
was the 10 by 10 by 55-mm. Charpy 
test specimen. Wherever a notch 
was provided, it was the V type con- 
forming to A.S.T.M. specifications.?- 
A wood matchboard similar to the 
casting shown in Fig. 1 was designed 
for the initial tests except that no 
notches were provided in the pat- 
tern and specimens were placed 
closer together. A commercial 
aluminum 4 per cent copper alloy 
of the following composition was 


used for all work in the —— 


tion: 


ALLOY F410 
Copper, per Nickel, per 
Silicon, per Manganese, 7 
1.18 percent..... 0.37 
Magnesium, Titanium, 
percent......0.05 percent..... 0.1 7 
Zinc, per cent...0.25 Chromium, . 
Iron, per cent...0.74 percent..... 0.005 
Aluminum, 
percent..... Balance 7 


Metallic Materials (E 23-417), 1944 Book of 
A.S.T.M. Standards, Part I, p. 1962. 


2Tentative Methods of Impact Testing i 
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It was melted in a No. 45 clay graph- 
ite crucible in a coke-fired, forced 
draft pit furnace. The crucible was 
removed when the metal reached a 
temperature of about 1450 F. A 
series of castings was poured in 
green sand molds produced from 
the matchboard. To determine the 
optimum pouring temperature for 
the pattern design, a pair of castings 
was poured at 1400 F., 1300 F., and 
at 1220 F. They were shaken out 
in 15 to 30 min. 

It was immediately apparent from 
this preliminary test that the pat- 
tern design was faulty in that the 
specimens were too close together. 
The matchboard could not be drawn 
without disturbing the sand _be- 
tween the specimens; hence this 
first group of castings contained 
several specimens which were too 
rough and misshapen to be used. 
The remaining specimens’ were 
tested in the as-cast and heat- 
treated tempers and indicated, as 
expected, that the pouring tem- 
perature of 1220 F. gave the highest 
average values and the lowest 
spread. This is attributed at least 
in part to the fact that the smallest 
grain size (0.5 mm.) resulted from 
the low pouring temperature. 

In order to standardize the testing 
operation, the parting line surface 
was always placed parallel to the 
striking surface on the side away 
from the hammer. It is the surface, 
therefore, which sustains the great- 
est stress. Although both the cope 
and drag positions were reversed 
for several tests with no significant 
difference in the impact resistance, 
the cope surface was chosen for this 
purpose since it consistently pre- 
sented the smoothest surface, and it 
was hoped that notch effects could 


be minimized. 


6 


Specimens were tested at room 
temperature on a Baldwin-South- 
wark modified Charpy impact ma 
chine of 16 ft-lb. capacity. The 
machine design has been adequately 
described elsewhere.* Each scale 
division represents 0.08 ft-lb. The 
-ast-to-size unnotched specimens in 
the solution-heat-treated condition 
exceeded the breaking range of this 
machine; therefore they were bro- 
ken in a Riehle 110 ft-lb. capacity 
machine on which the scale is sub- 
divided into 1 ft-lb. increments and 
values can be estimated to 0.5 ft-lb. 
Tup velocity was 12.0 ft. per sec. 
for both machines. 

As a result of these exploratory 
tests, the pattern was revised to the 
extent that the test specimens were 
respaced 3 in. apart and contained 
26 unnotched specimens. Only 
about 0.005-in. draft was accorded 
the test spec’mens to approximate 
the desired square section as closely 
as possible. The alloy was then re- 
melted and a group of castings 
poured at 1220 F. Specimens were 
numbered 1 to 26 on each casting 
starting at the top-right corner 
opposite the sprue and numbering 
clockwise. The specimens of two 
castings were tested in the as-cast 
condition four days after they were 
produced. Another set was tested 
in the solution-heat-treated condi- 
tion and a fourth and fifth set tested 
after various aging treatments. 
Specimens from these last two cast- 
ings were selected at random since it 
was desired to duplicate normal pro- 
cedure. Solution heat treatments 
were conducted at 960 F. for 15 hr. 
in an electrically heated, circulating 
air furnace, quenching in boiling 


2 R. Burns and W. W. Werring, ‘‘The Impact 
Testing of Plastics,"’ Proceedings, Am. Soc. Test- 
ing Mats., Vol. 38, Part II, p. 40 (1938). - 
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water. Solution-treated specimens It was decided to attempt to cast 
were aged 24 hr. at room tempera- the V notch into the specimens 
ture before being tested or artifi- directly so a second alteration to the 
cially aged. Aging at 310 F. was matchboard was made. One half 
accomplished in constant tempera- of the specimens had specification V 


TABLE I.—IMPACT STRENGTH OF CAST-TO-SIZE UNNOTCHED SPECIMENS. 


| Number of | High Low Mean 
Heat Treatment | Specimens } (ft-lb.) (ft-lb.) (ft-lb.) 
As cast 
31 21.0 15.5 18.5 
Solution heat treated and aged 3 hr. at 
Solution heat treated and aged 6 hr. at 
13 13.7 10.5 12.3 
olution heat treated and aged 24 hr. at 
TABLE II.—IMPACT STRENGTH, FT-LB. 
Machined Machined Cast to Size 
and and with Machined 
Heat Treatment | Unnotehed V Notched V Notch 
| Oo |  1.4,1.8 1.8, 1.8, 2.0 
Solution heat treated and aged 3hr.at310F..... 6 3.0,3.2 3.0,3.4,3.2 
Solution heat treated and aged 6hr. at 310 F..... 4.7 3.3.3.5 2.6,2.4,2.8 
Solution heat treated and aged 24 hr. at 310 F.... a.¢ 1.3,1.4 1.5,1.5,2.0 
ture, electrically heated salt baths. notches cut into the drag surfaces. 
The results are summarized in Table The casting produced is shown in 
I. No significant effect due to Fig. 1. The alloy was again re- 


position in the casting could be 
determined from the individual re- 
sults. 

To obtain comparable values on 
standard machined and notched 
specimens, ten test specimens were 
cut from the bottom of the outside 
runners where the feeding and freez- 
ing characteristics most closely ap- 
proximated those of the cast-to-size 
specimens. Grain size determina- 
tions averaged 0.7 mm, on the 
specimens obtained from the run- 
hers. Six more specimens were cut 
from similar locations in other cast- 
ings and milled 10 mm. square but 
let unnotched. Finally, notches 
were machined into fifteen of the 
cast-to-size bars. All were heat 
treated and tested as previously 
described. The impact results are 


big. 4 
ducing 26 Cast-to-size 10 by 10-mm. 
Charpy Impact Specimens. 


Top: Cope view; Bottom: Drag view. 
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melted and cast at 1220 F. The 

notched bars from one of the cast- 

ings were tested about 6 hr. after 

pouring. The notched bars from 
_ other castings were heat treated and 

tested as before. The results are 
_ tabulated in Table ITI. 
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F. into green sand molds, Proper- 
ties obtained from these bars are 
plotted in Fig.2. Three to five bars 
were used for each treatment. Im- 
pact data from Tables I, II, and III 
are summarized in Fig. 3. In order 
that a constant cross-section area 


TABLE III.—IMPACT STRENGTH OF CAST-TO-SIZE BARS WITH V NOTCH CAST INTO 
SPECIMEN, 


Heat Treatment 


Numberof | High | Low Mean 
Specimens (ft-lb.) (ft-lb.) (ft-lb.) 


_ Solution heat treated and aged 3 hr. at 310 
- Solution heat treated and aged 6 hr. at 310 


Solution heat treated and aged 24 hr. at 310 ae 


13 2.5 1.8 2.1 
9 5.4 4.1 2.7 
7 3.0 2.4 4.6 
7 2.1 1.8 | 2.0 
7 1.4 1.2 1.4 


The effect of room temperature 
aging on the as-cast impact proper- 
ties of this alloy was investigated 
when it was noted that specimens 
from the same castings did not check 
specimens tested at an earlier date. 
The results are tabulated in Table 
IV. 

These data indicate that the “‘as- 
cast”? values given for the various 
types of specimens are not strictly 
comparable since those specimens 
requiring machining were obviously 
aged somewhat in the interim be- 
tween casting and testing. All 
machined specimens were tested 
within a week of casting, however, 
so the discrepancy due to the aging 
factor is not too great. 


DIscussION 
Tension test data were obtained 
on this alloy from standard cast-to- 
size 3-in. test bars poured at 1220 
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Aged at 310 F., hr 


Fic. 2—Tensile Properties of the Alumi- 
num Alloy Investigated. 


TABLE IV.—EFFECT OF ROOM TEMPERATURE AGING ON IMPACT RESISTANCE IN 
AS-CAST CONDITION, 


Unnotched Notched 
Num- Num- 
Aging ber ber 
Period, of High Low Mean of High Low Mean 
days Tests (ft-lb.) | (ft-lb) (ft-lb.) Tests (ft-lb.) (ft-lb.) (ft-lb.) 
“awa 12 11.1 8.0 9.8 13 2.5 1.8 2.1 
aaa 7 7.2 5.2 6.2 4 1.3 1.1 1.2 
4 5.4 4.2 5.0 eee ooo” 
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might be utilized in comparing the 
results of the various tests, values 
were recalculated where necessary 
to a standard cross-section area of 80 
sq) mm. The cast-to-size un- 
notched specimens approximated 
10.5 mm. square due to the vibration 
required in drawing the pattern. 
The notches cut in the pattern had 
the correct angle and root radius but 
were about 4 mm. too deep. The 


18 


All Results Plotted for 8 x Section 
Notched Specimens ~ 
= 9 Machined and Notched _| 
© Cast fo Size with 
Machined Notch 
/ Cast fo Size with 
12 t Cost Notch 
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on 0 6 12 18 24 


Aged at 310 F., hr. 


Fic. 3—Impact = of Various Types 
of Specimens with Constant Cross-Sec- 
tion. 


dimensions of a particular type of 
cast specimen, however, checked 
closely from specimen to specimen, 
varying but a few thousandths of an 
inch, 

Several interesting observations 
may be made from the impact 
curves. Due to the similarity of the 
three curves in Fig. 3, these remarks 
apply to any of the tempers investi- 
gated. The first concerns the effect 
of the castingskin on unnotched bars, 


Except for slight differences in 
freezing rate in the specimens used 
to produce curves I and II, the dif- ; 
ference in toughness must be attri-— 
buted to the casting skin. Roughly - 
50 per cent of the impact resistance — 
of cast-to-size unnotched specimens — 
for this alloy is due to the superior — 
toughness of this outer skin. This 
skin effect is no longer apparent, 
however, upon casting a standard V 
notch into the specimen. The notch 
completely dominates the test and 
renders ineffective the superior 
toughness of the casting skin. Dif- 
ferences among the three types of — 
specimens used to develop curve III 
are not significant. _ 
Secondly, the notch sensitivity of 
the alloy is indicated by the differ- 
ence between curves I and III, and © 
between curves II and III. Stress 
concentrations due to the notch re- 
duce the toughness of a cast-to-size © 
specimen by approximately two 
thirds. Machined specimens lose 
about one half their initial impact 
strength. The actual energy ab- 
sorbed in fracturing each type of 
specimen is essentially the same; 
hence a notched machined specimen | 
and a notched cast-to-size specimen 
have the same impact strength. 


CONCLUSIONS 


The results of this investigation © 
indicate that it is possible to produce - 
quickly and cheaply cast-to-size 
Charpy impact specimens which 
satisfy the criteria outlined in the 
introduction of this paper. Both 
notched and unnotched test speci- 
mens may be obtained from a single 
sand casting. It is thus possible to 
obtain data on two sometimes un- 
related properties of an alloy: its 
impact resistance and its sensitivity 


| 
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to notching. This method of pro- 
ducing impact specimens has been 
incorporated into a research pro- 
gram with very satisfactory results. 
Several thousand specimens have 
been cast and tested to date on most 
of the common aluminum casting 
alloys. Generally, several impact 
castings are poured along with the 
usual tension test bars from a single 
heat of metal. 

For the aluminum alloy reported 
here, the values obtained from cast- 
to-size notched specimens closely 
check those obtained from bars 
machined and notched from a com- 


48S. L. Hoyt, ‘‘Notched-Bar Testing and Im- 
Testing,’ Proceedings, Am. Soc. Testing 
Mats., Vol. 38, Part II, p..141 (1938). 
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parable oversize casting. Un- 
notched cast-to-size specimens, how- 
ever, have approximately double the 
impact values obtained from un- 
notched machined specimens. 
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ELECTRICAL CONDUCTIVITY OF C ‘ONDUCTORS* 


The multiplicity of terms and units employed to designate the electrical 
resistivity and conductivity of conductors has led to inconsistency and 
confusion. Specifically, the creation and codification of mass resistivity = 
and mass conductivity, on a par with volume resistivity and volume con- : *% 


A 


SYNOPSIS 


ductivity, seem unnecessary and confusing. It is therefore suggested, in 
dealing with electrical conductors, to retain but one quantity, and to use 
it universally. For this quantity, per cent volume conductivity is sug- = 
gested. The reasons for this choice are given. 

With present-day measuring technique, per cent volume conductivity 
can always be determined with a sufficiently high degree of accuracy, even if 
area has to be determined indirectly from length, weight, and density. 
The validity of this statement is supported by test data on fine copper wire, 
No. 36 A.w.g. (0.005 in. in diameter), bare versus tinned versus lead-alloy 
coated. 

The following recommendations are put forward: 


1. Uniformly standardize conductivity of electrical conductors on the - 
basis of per cent volume conductivity. 7 
2. Adopt the coil form method outlined in this paper as a tentative 
standard for the determination of per cent volume conductivity of fine wire. 7 
3. Enlarge the scope of A.S.T.M. Tentative Method of Test for Density 
of Fine Wire and Ribbon for Electronic Devices (B 180-43 T),? by the in- : 
clusion of other than heavy test liquids. 


An electrical con- 
ductor, within the scope of this 
paper, is defined as a metallic wire, 
cable, rod, bar, strip, tube, or profile 
which is longitudinally invariant. 
This means that the cross-sectional 
area is constant, and, in addition, 
that the cross-sectional metal dis- 
tribution does not change if the con- 
ductor is made of different metals. 
Examples are Copperweld wire (steel 

*Also published in ASTM Butietin, No. 134, 
May, 1945, p. 58. 


1 Research Engineer, Electrical Lab., Ana- 
cr Wire and Cable Co., Hastings-on-Hudson, 


21944 Book of A.S.T.M. Standards, Part I, 
p. 1803. 


‘ curately, volume resistivity. The 


core with copper sheath) and fine 
copper wire with tin or lead-alloy 
coating. 


VOLUME AND WEIGHT RESISTIVITY 

The interrelation between resist- 
ance R, length 1, and area A of an 
electrical conductor is expressed by 
the well-known equation 


where the proportionality factor p 
is termed the resistivity or, more ac- 


resistance FP is the quantity which 
enters directly into voltage and cur- 
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rent calculations of a specific circuit. 


It depends upon the length of the | 


conductor and its cross-sectional 
area. The volume resistivity p is 
not dependent upon length and area. 
It is a more fundamental quantity, 
and usually associated with the ma- 
terial of which the conductor is 
made. 

Resistance is universally ex- 
pressed in ohms. Conductor length, 
however, is expressed in centimeters, 
meters, kilometers, feet, or miles. 
Conductor cross-sectional area is 
expressed in square millimeters, 
square centimeters, square inches, 
or circular mils. It follows that the 
fundamental quantity, resistivity, 
is expressed in a multiplicity of ways, 
and obscured by numerous conver- 
sion factors. The same is true of 
volume conductivity, the reciprocal 
of volume resistivity, which is used 
by some authors in lieu of volume re- 
sistivity. 

The foregoing represents but a 
part of the story. As an alternate to 
Eq. 1, and on a par with it, the 
following relation holds between re- 
sistance FR, length 1, and weight W of 
a conductor: 


According to this equation, the re- 
sistance is proportional to the square 
of the length, inversely proportional 
to the weight, and proportional to 
the ‘weight resistivity” 6. The 
latter is frequently misnamed “‘ mass 
resistivity.”” The resistance is ex- 
pressed in ohms; conductor length 
in centimeters, meters, kilometers, 
feet,or miles. The conductor weight 
is expressed in grams, kilograms, or 
pounds. Hence there exists a second 
set of resistivities, namely, “‘ weight 
resistivities” and their reciprocals, 
“weight conductivities.” 


Per Cent ConDvUCcTIVITY 


To complete the story, conductiv- 
ity of a conductor, or conductor 
material, is customarily expressed 
not as an absolute quantity but asa 
relative quantity, namely as a per- 
centage of a standardized conductiv- 
ity. The International Electro- 
technical Commission in 1913 
adopted a resistivity value known as 
the International Annealed Copper 
Standard (IACS). The normal 
values for standard annealed copper 
were established as follows:* 


“1. At a temperature of 20 C. the re- 
sistance of a wire of standard annealed 
copper 1 meter in length and of a uniform 
section of 1 sq. mm. is '/;s0hm = 0.017241 
... ohm. 

“2. At a temperature of 20 C. the 
density of standard annealed copper is 
8.89 g. per cu. cm. 

“4, As a consequence, it follows from 
(1) and (2) that at a temperature of 20 C. 
the resistance of a wire of standard an- 
nealed copper of uniform section 1 meter 
in length and weighing 1 g. is ("/ss) 8.89 
= 0.15328 ... ohm.’’ 


From the foregoing definitions, 
two resistivities for standard an- 
nealed copper at 20 C. are obtained: 

meter 


Volume resistivity 
_ = 1.7241 microhm sq. cm. 
cm. 


os = 0.017241 ohm sq. mm. 
or michrom-cm. 


Weight resistivity 
ohm gram 
= 0.19828 meter meter 
975.99 
mile mile 


Since Eqs. 1 and 2 express the 
volume resistivity and weight re- 
sistivity, respectively, of any elec- 
trical conductor, it follows that there 


* Circular No. 31 of the National Bureau of 
Standards. 
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are two values of per cent conductiv- 
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Expressed in nu- 


ity for any conductor: ay: 
y y Volume resistivity 
1. Volume per cent conductivity or PO P an the 
Sd units used for meas- 
p Volume conductivity | ~. 
c = 100 ry ~ | uring length and 
0.017241 
= 100 x 0.017241 (basis: ohm, sq. 
p mm., meter) Expressed in nu- 
1.7241 
= (basis: ohm, cm.) merous ways, de- 
p Weight resistivity pending upon the 
2. Weight per cent conductivity or units used for meas- 
C» = 100 * Weight conductivity | uring length and 
ight 
15328 ) weight. 
= 100 os (basis: ohm, meter, 
575, 20 gram) Per cent volume conductivity | Expressed 
= 100 x (basis: ohm, mile, or in per cent 
pound) Per cent weight conductivity | of IACS. 
led 
orm TABLE AND CONDUCTIVITY AS GIVEN IN A.S.T.M. SPECI- 
241 FICATIONS FOR ELECTRICAL CONDUCTO 
AS.T.M. 
the Designation? Title Quantity Basis Unit 
is B 187-44 T.| Tentative Suacifentions Rd Copper | Resistivity Weight | Ohms (meter, gram) 
Bus Bars, Rods and Shapes Conductivity Per cent 
B 1-40..... Standard Specifications for Hard- | Resistivity Weight | Ohms (mile, pound) 
Drawn Copper Wire 
B 105-39... Standard ne for Hard- | Resistivity Weight | Ohms (mile, pound) 
om Drawn Alloy Wires for Volume | Ohms (mil, foot) 
. A 111-43...| Standard Specifications for Zinc- | Resistivity Weight | Ohms (mile, pound) 
an- Coated (Galvanized) Iron or Steel 


Telephone and Telegraph Line 


ter Wire 

89 B 82-41....| Standard Specifications for Drawn or | Resistivity Volume | Ohms per circular mil foot 

, Rolled Alloy, 80 per cent Nickel, Ohms per square mil foot 

20 per cent Chromium for Elec- Microhms per centimeter 
trical-Heating Elements : cube 

1s B 82-44 T..| Tentative Specifications for Drawn | Resistivity Volume Ohins per circular mil foot 

2 or Rolled Alloy, 80 per cent Nickel, Ohms per square mil foot 

n- 20 per cent Chromium for Elec- ——— ms per centimeter 

trical-Heating Elements 
d: B 118-42 T.| Tentative Methods of Testing Nickel | Resistivity Volume ofan per circular mil foot, 
and Nickel-Alloy Wire and Ribbon uae. microhm - centimeters, 
for Electronic Tube Filaments Weight or ohm-milligram per 
200 millimeter-feet 
* 1944 Book of A.S.T.M. Standards, Part I. 

“ Volume per cent conductivity and The complications which ensue 
weight per cent conductivity are from this multiplicity of terms, defi- 
numerically equal only if the con- nitions, and units are well reflected in - 
ductor density at 20 C. is 8.89, that Table I. This is a compilation pre-— 
is, if the conductor is made of copper. pared from A.8.T.M. specifications 
For other values of density, the two pertaining to electrical conductors, 

1e conductivities are numerically dif- and shows the wide range of expres- 

2° ferent. sions included for representing a 

te To recapitulate, the electrical re- single concept. 

e sistivity, or conductivity of an elec- 


trical conductor can be designated 
by the following quantities: 


Suggested Simplification: 
The need for simplification,” uni-- 
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fication, and correction is apparent. 
It is, therefore, suggested, in dealing 
with the conductivity of electrical 
conductors, to eliminate all quanti- 
ties except one, and to use this one 
quantity for all conductors regard- 
less of size, metal, or metal composi- 
tion, and specific application. Per 
cent volume conductivity is sug- 
gested. 

Per cent is suggested because this 
dimensionless unit is universally 
understandable. The reference 
value is 100 per cent, IACS, al- 
though it is recognized that this 
standard is no absolute quantity in 
a physical sense. Commercial cop- 
per is available today with per cent 
conductivities above or below 100 
per cent IACS. | 

Volume conductivity is suggested 
for several reasons. First, this 
quantity is used exclusively, though 
maybe unknowingly, in verbal dis- 
cussions. One speaks of an alumi- 
num conductor of some 60 per cent 
conductivity, but not of one having 
some 200 per cent (the latter would 
be per cent weight conductivity). 
Second, commercial conductors, 
such as Copperweld, Copperweld- 
Copper composite, aluminum cables- 
steel reinforced (ACSR), or bronze, 
are customarily listed with actual 
and “‘equivalent copper’ cross-sec- 
tional areas. The volume concept 
is again apparent. The ratio of 
equivalent copper cross-section to 
actual cross-section is one one- 
hundredth of the per cent volume 
conductivity. 

When an engineer deals with elec- 
trical conductors, he prefers, quite 
generally, the volume to the weight 
concept. Whether it is the current 


4 Electrical Transmission and _ Distribution 
Reference Book, Westinghouse Electric and 
Manufacturing Co., 1942, pp. 32 and 34; and 
similar reference books. 


density, depth of penetration or even 
conductor resistance, it is the volume 
or area, not the weight concept, 
which he actually applies. No text- 
book on circuit theory or energy 
transmission considers weight. Field 
equations are a matter of potentials 
and geometry but not of weight. 
But when resistivity and conductiv- 
ity are considered, both volume and 
weight concept are legalized, and 
when wire, particularly fine wire is 
the object, the weight concept is 
considered superior. 


Basis for Acceptance of Weight Con- 
cept: 

An important reason for the ac- 
ceptance of the weight concept and 
its subsequent codification in many 
A.S.T.M. standards may have been 
the arguments set forth in Bureau of 
Standards Circular No. 31.3 The 
following statements are quoted 
from it (page 63): 


“The reasons why the mass resistivity 
is preferable to the volume resistivity may 
be summarized as follows: 

“1. The measurement of either cross- 
section or density in many cases is difficult 
and inaccurate. 

“2. The direct measurement of cross- 
section is practically impossible for irregu- 
lar shapes of cross-section. 

“3. Conductors are sold by weight 
rather than by volume, and therefore the 
information of value to most users is given 
directly by the mass resistivity.” 

During the interval of more than 
thirty years since the publication of 
Circular No. 31, the conclusion 
reached in the last reason, that “the 
information of value to most users 
is given directly by the mass re- 
sistivity,” has proved to be incor- 
rect. The designer of a Copperweld 
transmission line, or the purchaser 
of a high-strength low-conductivity 
bronze trolley wire, is interested in 
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the equivalent copper cross-section 
of the material under consideration. 
It is the volume, not the weight 
concept which predominates. 

The second reason is, of course, 
correct but predicated upon the 
first. If an easy and sufficiently ac- 
curate method for indirect area de- 
termination is available, both argu- 
ments lose their foundation. 


Recent Standards: 


Reasoning along these lines prob- 
ably led to the adoption of A.S.T.M. 
Standard Method of Test for Re- 
sistivity of Metallic Materials (B 
63 — 36). This standard sets forth 
a method for volume resistivity de- 
termination with an accuracy of 1 
per cent. Referring to cross-sec- 
tional area measurements, the stand- 
ard specifies micrometer measure- 
ments on wire specimens or strips, 
if and when the mean cross-section 
can be obtained within 0.5 per cent. 
Section 5(a) reads in part, 


“In case the diameter of the wire or the 
thickness of the strip cannot be measured 
to give the above accuracy with the 
micrometer available, the cross-section 
shall be determined from the weight, 
density, and length of the specimen.” 


The standard proceeds to describe 
density measurements in water, and 
to point out the necessary precau- 
tions to insure accuracy. 

A.S.T.M. Tentative Method of 
Test for Density of Fine Wire and 
Ribbon for Electronic Devices (B 
180-43 T)? shows the way for an 
improvement in accuracy for speci- 
mens of low weight. If water, with 
a density of 1 g. per ml. is replaced 
by a heavy liquid, such as tetra- 
brom-acetylene with a density of 
nearly 3, the accuracy in density 


‘ ‘a Book of A.8.T.M. Standards, Part I, 


determination is increased about 
threefold. The scope of A.S.T.M. 
Method B 180 provides a_ test 
method for density determination of 
fine wire, 0.001 to 0.010 in. in diam- 
eter, and of ribbons of similar thick- 
ness, for electronic devices, with an 
accuracy of 0.1 per cent. To accom- 
plish this objective, an exacting 
laboratory technique is required, 


and the detailed procedure is set — 


forth in the standard. 
When our chemical laboratory 


recently undertook to determine the — 


densities of No. 36 A.w.g. copper 
wire, bare, tinned, and lead-alloy 
coated, by following the provisions 
of A.S.T.M. Method B 180, diffi- 
culties were encountered. The data 


were erratic and not reproducible. — 
Failure was attributed to the testing — 


liquid tetrabrom-acetylene. Its poor 
wetting characteristic makes it well 
nigh impossible to remove all traces 


of air clinging to the wire, even 


when it is boiled under vacuum. 
Furthermore, the lead-alloy coated 
wire was corroded by the liquid. 
Success was achieved by sub- 
stituting isopropyl ether. This 
liquid is chemically inert, wets 
easily, boils in vacuo at room tem- 
perature, and has a low temperature 
coefficient. These advantages out- 
weigh, in our opinion, the disad- 
vantage of low density (0.7427 g. per 


ml.). Additional work on this sub- 
ject is underway. It seems advis- 


able to enlarge the scope of Method 


B 180 beyond fine wire and ribbon © 


for electronic devices, and to amend — 
the standard: according to these 
findings. 


Once density of the specimen is | 
determined, the remaining three > 


quantities necessary for per cent 
volume conductivity determinations, 
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“namely, resistance, length, and 
weight, are obtained quite easily. 


ANACONDA Co1L Form MEetTHop 


The Anaconda Laboratories have 
developed a method for tests on 
fine wire which is convenient and 
sufficiently accurate for engineering 

__- purposes. Its main feature is the 
use of a cylindrical coil form having 
a helical groove (Corning Pyrex 
Glass Multiform Coil Form) on 
which the specimen is wound. The 
wire specimen is soldered to rec- 
tangular copperlugs whichare brazed 
- to substantial binding posts. The 
F assembly is inserted into a chamber 
with controlled heat and refrigera- 
tion to attain reference temperature. 
The resistance of the wire specimen 
is measured with an accurate Wheat- 
stone bridge connected to the speci- 
men by short, heavy leads. The 
wire is then cut off at the lugs, re- 
moved from the coil form and 
weighed. 
Two coil forms are used. The 
_ smaller form is 33 in. long and has 
an over-all diameter of 2 in. It is 
used for wire sizes No. 28 to 36 
A.w.g. and accommodates about 16 
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and has an over-all diameter of 23 
in. It is used for wire sizes No. 22 
to 27 A.w.g. and No. 37 to 44 A.w.g, 
and accommodates avout 60 ft. 

The resistance of wire sizes No. 21 
A.w.g. and larger may be measured 
with a Kelvin bridge on straight 
specimens without resorting to the 
coil-form method. 


if 


Fic. 1.—Small Coil Form with No. 36 


A.w.g. Wire. 

Figure 1 shows the small coil 
form with No. 36 A.w.g. wire weune 
upon it. 

The following considerations gov- 
erned the development of the coil- 
form method and the assignment of 
wire sizes and lengths applicable to 


ft. The larger form is 5? in. long each form: 
¢ 
TABLE II.—PER CENT CONDUCTIVITY. NO. 36 A.W.G. WIRE, BARE, 
EAD-ALLOY COATED, AND TINNED 
; Density, Volume 
: Resistance, Length, Weight, | D,g. per Diameter, |Conductivity 
Specimen Ro,ohms | i,cm. | W,g. | cu.em. | d, mils | ¢, per cent 
Spoon I 
Bare copper wire............. | 6.870 515.3 | 0.5967 8.90 5.07 99.4 
6.901 515.3 | 0.5937 8.90 5.05 } 99.5 
6. 860 515.3 | 0.5972 8.90 5.07 99..5 
Same wire, lead-alloy coated..| 6.867 515.3 | 0.6341 8.97 5.20 94.3 
6.870 515.3 0.6241 8.97 | 5.16 95.8 
Spoor II 
Bare copper wire............- 6.874 515.3 0.5896 | 8.90 5.04 100.6 
6.881 515.3 0.5900 | 8.90 5.04 100.4 
Same wire, tinned............ 7.032 515.3 | 0.5872 | 8.89 5.03 98.6 
7.030 515.3 0.5872 8.89 5.03 98.6 
Same wire, tin removed....... z. 176 515.3 | 0.5653 | 8.90 $e | 100 
| ©. 4. 
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1. The resistance of the speci- 
men should exceed one ohm, the 
lower limit for Wheatstone bridge 
measurements. 

2. The specimen: weight should 
exceed 0.5 g., the lower limit for 
accurate weighing. 

3. Soldering of the wire speci- 
mens to the copper lugs eliminates 
difficulties due to contact resist- 
ance. 

4. Dimensional stability of the 
coil form obviates the need for in- 
dividual length measurements. The 
lengths between lug tips have been 
established for every wire size 
tested. 

5. Compactness of the coil per- 
mits of its insertion into a small 
chamber and assures uniform tem- 
perature. 


Application of Method: 


Table II shows the results ob- 
tained in the determination of per 
cent volume conductivity on No. 36 
A.w.g. copper wire, bare, lead-alloy 
coated and tinned. The simple 
working formulas are included in the 
Appendix. 


Accuracy of Method: 


These data give some idea of the 
accuracy to be expected. The per 
cent volume conductivities are con- 
sistent within +0.1 per cent. The 
first three values of c, for instance, 
are 99.4, 99.5, and 99.5, although the 
resistance varies by 3 and 4 in 690. 
These resistance variations are off- 
set by corresponding weight varia- 
tions, as it should be. 


Reproducibility: 


Reproducibility is exhibited by 
the values from spool II. Tinning 
increases the resistance. Part of the 
tin diffuses into the copper and 
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forms a low-conductivity bronze 
cylinder around a reduced copper 
core. Also, the tinning operation 
affects the diameter; the ‘‘dead- 
soft”’ copper wire is stretched so that 
the diameter of the tinned wire is 
slightly less than that of the bare 
wire. Due to the tinning, the per 
cent volume conductivity of the wire 
is decreased from 100.5 per cent 
(average) to 98.6 per cent. How- 
ever, when the tin and bronze are 
removed by acid treatment, the 
original conductivity is restored al- 
though the resistance of the speci- 
men is much higher, and the diam- 
eter is much smaller than originally. 


RECOMMENDATIONS 


The following recommendations 
are offered as a result of this study. 

1. Uniformly standardize the 
conductivity criterion for electrical 


conductors on the basis of per cent 


volume conductivity. 

2. Adopt the coil-form method 
as a tentative standard for the de- 
termination of per cent volume con- 
ductivity of fine wire. 

3. Enlarge the scope of A.S.T.M. 
Method B 180 beyond fine wire and 
ribbon for electronic devices, and re- 
vise it by including other than heavy 
liquids. 
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APPENDIX 

List or SYMBOLS pe = 1.7241 K ohm-cm., 

Symbol Quantity Unit ~¢=100% = 1.7241 K 10-* Xl 
A ...Cross-sectional area sq. em. RA 


c....Percent volumeconductivity per cent cm 

d....Wire diameter tils 

D...Density g. per cu. ohm, sq. cm. 
cm. 


em. oF ft. W 
...-D-C resistance ohms 

p.... Volume resistivity epee 
pe.... Volume resistivity of IACS at 


IT. Special Case.—Per cent volume con- 
ductivity of round wire with diameter T 
_ d, in mils, and length /, in centimeters 
or in feet. star 
I, General Case.—Per cent volume con- nate 
; ductivity for any cross-sectional area c = 34.02 — (sae as) 
A, in square centimeters, and length Rd? \ ohm, sq. mils 
l, in centimeters. 
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By C. H. Manoney!, A, L, Tarr!, anp K, A, SKEIE! 


The recent efforts of the Society to 
standardize procedures for making alter- 
nate immersion tests on non-ferrous 
metals and alloys focus attention to 
equipment for making tests in accord- 
ance with the newly proposed proce- 
dures. We are all generally acquainted 
with various ingenious devices for such 
testing which usually incorporate the 
use of a rotating shaft to which the 
specimens are attached by means of 
strings, either directly or through the 
medium of a rack. 

In the early stages of organizing our 
laboratory we reviewed the available 
information on alternate immersion test- 
ing methods and equipment. It was 
concluded that for our requirements we 
should design: a machine which was 
capable of variable but accurately con- 
trolled immersion and drying cycles, 
in which the atmosphere to which the 
specimens were exposed during drying 
could be circulated under predetermined 
temperature and humidity conditions, 
and which was capable of testing ap- 
‘proximately 50 samples simultaneously. 
Later tests with the designed equipment 
indicated that circulation of the atmos- 
phere was not necessary for most testing 
requirements. 

The machine described in this paper, 


published in ASTM Buttertn, No. 133, March, 
5, p. 16, 
Chief Metallurgist, Supervisor of Metallurgical 
Laboratory, and Metallurgist, respectively, of Basic Mag- 
nesium, Inc., Baltimore, Md. 

2A general assembly drawing, K-182 showing the con- 
Structional features of the machine; detail drawings K-199 
and K-200; electric wiring required, drawing K-202; and a 
list of essential constructional materials and other items 
can be secured from A.S.T.M. headquarters by those re- 
questing them. 


A VARIABLE CYCLE ALTERNATE IMMERSION CORROSION TESTING 
MACHINE* 


Fig. 1,2 was designed before the new 

A.S.T.M. Tentative Method of Alter- 

nate Immersion Corrosion Test of Non- 

Ferrous Metals (B 192 — 44 T)’ was sub- 

mitted for approval. It seems, how- 

ever, that all requirements for both the | 
“wet-dry modification” test and the 
“continuous wet modification” test are 
met in this equipment, and the results — 
obtained with it in our laboratory have 
been so satisfactory that we are offering 

it to the industry in the hope that some 

general benefit may be realized. 

Briefly, this variable cycle machine 
tests. up to 48 specimens or clusters of 
specimens in separate glass solution 
containers which are heated by a com- 
mon thermostatically controlled bath. 
The specimens, suspended from the 
rack by means of glass stirrups (see B, 
Fig. 1) are raised and lowered alter- 
nately by a sprocket chain attached to a 
motor-driven cam. The immersion od 
aeration periods are automatically con- 
trolled by means of independent time 
switches which permit variations in the 
periods ranging from a few seconds to 
hr. 

After the machine was constructed 
and put through trial runs, some short- 
comings were observed and it was found 
necessary to make the following minor 
changes. Two 40-watt lamps with 
safety globes were installed inside the 
hood near the rear corners to improve 
visibility. Also, an extension shaft with 
flange and brake drum was bolted to 
the motor drive pulley and a magnetic 


31944 Book of A.S.T.M. Standards, Part I, p. 1860. 
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Fic. 1.—Specimen Rack in Position for Examination of Specimen. 


blower. J = toggle switches for: 

specimen rack. a—heaters, 

disk specimens. b—blower, 

glass stirrups. c—lights. 
Berzelius beaker, 1000-ml. capacity. K = sprocket chain attached to motor-driven 
beakers set in water bath. cam. 

control box housing relays. L = specimen rack carrier raised and lowered 
breaker boxes for drive-motor and heaters. by 4 sprocket chains connected by pul- 
starting switch. ley arrangement to drive sprocket. 


brake (General Electric Cat. No. stalled underneath the machine in order 
5368903G4— —Type | Cc 'R9516462) was in- to prevent any over-carry of the driving 
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mechanism. This solenoid brake is of 
a far greater capacity than is required 
for successful operation, but it is essen- 
tial that some means of preventing 
excessive over-travel be used. It would 
probably be desirable to install some 
type of stirrer for the heating bath, but 
for temperatures not far above room 
temperature natural convection has 
given uniform temperature throughout 
the bath. The machine was equipped 
with a blower as shown in Fig. 1, A, but 
it has not been necessary to use it for the 
drying during the aeration phase of the 
cycle of normal specimens having fairly 
smooth contours. The blower motor is 
operated independently by a_ toggle 
switch and has been used only to accel- 
erate final drying of the specimens before 
their removal for examination. To 
cushion the beakers against shock, the 
beaker rack was covered with a sheet of 
Tygon with holes cut to accommodate 
the test beakers. We encountered no 
difficulty in maintaining a relative 
humidity of between 50 and 70 per cent 
in the test chamber; however, a more 
accurate control may be found expedient 
for special test conditions. 

A special feature of the machine is 
the wide range of cycles which can be 
obtained by means of the time relays 
used to control the immersion and 
draining phases. Each relay has a 
coarse adjustment made by placing a 
pawl in one of four notches, located 
under the right-hand corner of a cali- 
brating plate, and a fine adjustment 
made by rotating a pointer on the cali- 
brating plate. For satisfactory 
operation the relay should not be set 
for a shorter time interval than 3 sec.‘ 

POSSIBLE RANGE OF ALTERNATE CYCLES 

ON 60-CYCLE CURRENT. 


Location of Pawl 


| Minimum Maximum 
Inner notch..............- sec 29 sec. 
Second notch.............. 4 sec 2 min. 14 sec. 
sec 8 min. 48 sec. 
sec. 33 min. 30 sec. 


Another feature of the machine is 


the provision of separate beakers for 
each specimen or cluster of specimens. 
This offers a wide scope of test possibil- 
ities. Duplicate samples may be simul- 
taneously tested in a number of corrosion 
media, samples of a number of different 
alloys or materials may be tested with- 
out fear of cross contamination by the 
products of corrosion from adjoining or 
other specimens, and the unit is admir- 
ably suited for control testing to deter- 
mine if successive lots of the same 
material have similar corrosion resist- 
ance properties. The Berzelius type, 
1000-ml. capacity beakers used in this 
machine are equally suited to both disk, 
specimens and physical test bars. Their 
dimensions are approximately 3} in. in 
diameter by 7 in. deep. The volume 
of corroding solution to specimen area 
provides a reasonably high ratio for 
most test specimens. 

The design of the specimen rack pre- 
vents pendulum action of specimens 
without introducing undue rigidity 
which might cause the glass stirrups to 
break on sudden starts and stops of the 
specimen rack. The rack pulls forward 
from the testing cabinet to allow for 
rapid examination and handling of the 
specimens. 

The roof of the hood is of substantial 
construction, making it possible to 
place heavy bottles of water or similar 
objects on its top. The beaker rack, 
at the base of the hood, is at a height 


which is suitable for easy manipulation © 


of specimens and_ beakers. 

No doubt this machine can be im- 
proved in several respects but the results 
in our laboratory indicate its superiority 
to the others which we have seen in use. 
It is hoped that it will answer all re- 
quirements set forth in Method B 192 
prepared by the Society in its attempts 
to standardize alternate immersion cor- 
rosion testing. 


4 The SG type relays (Westinghouse Style 1008539) used 
for energizing these time relays should be replaced bya __ 


more substantial type of relay if continuous operation is 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM ON > 
MAGNETIC PARTICLE TESTING 


The papers and discussions included in the Symposium on Magnetic 
Particle Testing were presented at two sessions (afternoon and evening) 
sponsored by the Philadelphia District and held in Philadelphia on January 
22, 1945. A. O. Schaefer, Executive Metallurgical Engineer, The Midvale 
Co., served as symposium chairman, in which capacity he arranged for the 
papers and discussions. Cooperating were L. E. Ekholm, chairman of the 
Philadelphia District, and other District members. 

The purpose of the symposium was to bring together those men who had 
had broad experience in the various fields of application of the magnetic 
particle test, so that they might review the present status of magnetic 
particle testing and interpret the results of such testing in a variety of 
products. 

The symposium consisted of the following nine papers: 


Introduction—A. O. Schaefer 
Equipment for Magnetic Particle Inspection—A. V. de Forest and C. E. Betz 
Magnetic Particle Inspection—H. H. Lester 
The Magnetic Particle Test as Utilized by the Railroads—L. B. Jones 
Magnetic Particle Testing of Aircraft Parts—E. O. Dixon 
Specifications and Procedure—A. P. Spooner 
= Magnetic Powder Inspection of Castings—Clyde L. Frear 
Magnetic Particle Inspection of Forgings—C. J. Boyle 
Miscellaneous Applications of the Magnetic Particle Test—E. A. Snader 


At the afternoon session, with some 400 present, Messrs. Schaefer and 
R. R. Moore, U. S. Naval Aircraft Factory, acted as co-chairmen, and 
Messrs. Schaefer and Ekholm were co-chairmen of the evening session, 
which was attended by well over 500. 

The papers elicited considerable discussion which contributed greatly to 
the information contained in the papers. The papers complete with 
discussion have been issued by the Society as a separate publication entitled 
“Symposium on Magnetic Particle Testing.” 
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prepared from the limes. 


min. 


water retentivities. 


Several manufacturers, within the 
past five years, have placed on the 
market’a new type of hydrated lime. 
This product is a highly hydrated dolo- 
mitic lime which differs from the normal 
dolomitic hydrated limes in that the 
major percentage of the magnesium 
oxide is hydrated. Methods for attain- 
ing more complete hydration of the 
magnesium oxide of dolomitic limes were 
suggested as early as 1901.2 Renewed 
attention was directed to this subject 
in the late thirties, particularly after 
the publication of Research Paper No. 


1 Research Associates for National Lime Assn., at the 
National Bureau of Standards. 

2 Some of the patents of interest are U. S. Patent Nos. 

678,500, July 16, 1901; 955,814, April 19, 1910; 1,284,505, 
Nov. 12, 1918; 2,309,168, Jan. 26, 1943; 2,356,760, August 
29, 1944: Swiss Patent No. 52,373, May 6, 1910; Dutch 
Patent No. 33,805, May 15, 1934. The subject is also 
mentioned by G. J. Fink, ‘‘Science In An Old Industry— 
Lime Manufacture,’’ paper presented at the annual meet- 
ing of American Association Advancement Science, 1926. 
Wells and K. Taylor, “Hydration of Magnesia 
in Dolomitic Hydrated Limes and Putties,” Journal of 
Research, National Bureau of Standards, Vol. 19, No. 2, 
August, p. 215, 1937 (RP 1022); also, ‘‘Studies of Heat of 
Solution of Calcium and Magnesium Oxides and Hydrox- 
ides,’ Journal of Research, National Bureau of Standards, 
Vol. 2, No. 2, August, p. 133, 1938 (RP 1121). 


_ PROPERTIES OF HIGHLY HYDRATED DOLOMITIC MASONRY 
LIMES AND CERTAIN OF THEIR CEMENT-LIME MORTARS 


G. J. anp TRATTNER! © 


SYNOPSIS 


This report presents the results of tests of the six commercially available 
masonry limes of a new type, the highly hydrated dolomitic limes. Data 
are presented on the chemical and physical properties of the limes, on the 
physical properties of mixtures in the proportion of 1 bag of portland 
cement to 2 bags of lime tested as masonry cements, and on 1:2:9 mortars 7 
In order to simulate more nearly the conditions 
of job use, additional 1:2:9 mortars were also tested 30 min. after the 
initial mixing and after the mortars had been subjected to suction for 1 
All the limes contained small percentages of unhydrated oxides and 
showed low expansions in the autoclave; all had high plasticities and high 
All the mortars made with these limes exhibited good 
workability and unusually high water retentivity. 
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1022? of the National Bureau of Stand- 
ards which describes methods for deter- 
mination of the unhydrated oxide con- 
tent of limes, presents data on the rate 
of hydration of magnesia under various 
conditions, and points out some differ-— 
ences that might result from the use of 
the completely and the incompletely 
hydrated limes. 

It has been more or less common 
practice in the trade to refer to the - 
limes as pressure hydrated or auto- 
claved limes. This term, however, is a 
misnomer because some are produced 
by methods which do not involve the use 
of pressures above atmospheric. For 
the purpose of identification in the 
present discussion, the new products are 
designated as highly hydrated limes. 
Two types are now produced for struc- 
tural purposes, one of which is intended 
for use as a finishing lime and the other 
for use in masonry. 

The research staff of the National 


Lime Association Fellowship at the 
National Bureau of Standards is con- 
ducting a survey of the commercial limes 
marketed for structural uses. This re- 
port presents the results of that part of 
the investigation which was undertaken 
to obtain information on the properties 
of the six commercially available highly 
hydrated dolomitic limes of the masonry 
type and of certain mortars in which 
these limes were components. Some 
of the properties of one of these limes 
and its mortars were reported in an 
earlier paper.’ 


TABLE I.—CHEMICAL COMPOSITION OF THE 
LIMES. 


+ 
Lime 
2) 8 
¢| 
19 2 <=, 
42.4)29.7| 1.3 0.5] 0.8/25.1] 0.1) 3.3 
No. 25......... 42.4|28.7| 1.9 | 0.7| 0.5 25.1) 0.1) 2.5 
42.9|29.7| 0.3 | 0.2) 0.3/26.2| 0.1) 1.6 
No. 34. 44.1/30.5) 0.3 | 0.2) 1.0/23.1] 0.1) 9.5 
42.8/29.1] 0.2 | 0.1) 2.8|23.2) 0.2) 5.2 
42.2/29.1| 1.6 | 0.4) 0.4) 3.6 
Average.....|42.8|29.3| 0.9 | 0.3] 1.2|24.6] 0.2) 


THe Limes 
‘Samples of the six commercially avail- 


able limes, originating from three widely 
separated lime-producing centers, were 
obtained in bag quantities directly from 
the manufacturers. The samples were 
described as representative of average 
production at each plant. Upon re- 
ceipt, the materials were stored in air- 


tight containers until used. 


The chemical analyses of the limes 
were made in accordance with the 
A.S.T.M. Standard Methods of Chem- 


Chemical Composition: 


4G. J. Fink, ‘‘The Effects of Certain Variations in 
Consistency and Curing Conditions on the Compressive 
Strengths of Cement-Lime Mortars,” Proc eedines, Am. 
Soc. Testing Mats., Vol. 44, p. 780 ( 1944). 
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ical Analysis of Limestone, Quicklime, 
and Hydrated Lime (C 25 - 44,)® and 
the unhydrated oxide content was cal- 
culated in accordance with Proposed 
Amendment 1 (2-2-40) to Federal 
Specification for Hydrated Lime for 
Structural Purposes, SS-L-351. 

The analytical data are listed in Table 
I. It may be noted that there is a de- 
cided similarity in composition other 
than the percentages of unhydrated 
oxide. The values for the latter range 


from 1.6 to 9.5 per cent. ' 


Owing to the fact that there are no 
satisfactory test procedures for ascertain- 
ing volume change characteristics of 
hydrated limes alone, the expansive 
properties of the limes when subjected 
to steam pressures were determined by 
testing portland cement-lime mixtures 
essentially in accordance with A.S.T.M. 
Standard Method of Test for Autoclave 
Expansion of Portland Cement (C 
151 -—43).6 The portland cement used 
in these tests showed an exparision of 
0.11 per cent. After preliminary tests 
of neat pastes and of mortars, a neat 
paste consisting of two parts of portland 
cement and one part of lime, by weight, 
was selected for the present tests for the 
reason that specimens of this mixture 
possessed adequate strength, and break- 
age during handling was not excessive. 
The following variation in mixing pro- 
cedure which is better adapted to neat 
cement-lime pastes was used: 

500 g. of cement and 250 g. of lime 
were vigorously shaken in a 2-qt. jar, 
contents of jar poured onto a dry, 
smooth, flat surface, and troweled back 
and forth four times to break up lumps 
and to assure thorough mixing. The 
mixture was heaped into a mound and 
an inner and outer crater formed with 


Expansion in Autoclave: 


5 1944 Book of A.S.T.M. Standards, Part II, p. 109. 
6 1944 Book of A.S.T.M. Standards, Part II, p. Pi. 
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the handle of the trowel. A measured 
amount of water was poured into the 
craters and the material was turned into 
the craters within 30 sec. After the 
batch had remained undisturbed for 60 
sec. to permit wetting of particles, it 
was vigorously mixed with both hands 
for 3 min., then left undisturbed for 60 
sec. and finally vigorously remixed for 
60 sec. This procedure made it possible 
to prepare neat cement-lime pastes of 
similar consistencies with approximately 
the same percentages (32 + 1 per cent) 
of water regardless of the limes used. 


TABLE II.—PROPERTIES OF THE LIMES. 


| | Lime | Lime 
Fineness | | Putty, | Putty 
& | Retained) 30 min. | Soaked 
| onSieve, After | Over- 
| "aw | percent) | wy 
ae | & | Wetting! night 
iss 
Sel esis 
sl 
No. 23.....| 3.3} 0.18 | 17.2] 96 107 | 280/107 | 410 
No. 25..... 2.5| 0.21 | 0 | 12.9] 97 | 90 | 450] 91 | 450 
No. 28..... 1.6| 0.24 | 0 | 1.2] 96 | 94 | 230] 97 | 290 
No. 34 9.5| 0.82 | 0 | 17.1} 94 | 81 | 200] 87 | 280 
No. 36...... 5.2| 0.22 © | 13.5) 94 | 90 | 400] 90 | 400 
No. 51...... 3.6] 0.26 | 0 | 0.4] 94 | 87 | 440] 90 | 550 
Average... 95 | 330) | 390 
* Parts water per 100 parts lime ,by weight. 
The data are listed in Table II. The 


linear expansions of the specimens of the 
neat 2:1 mixes from the five limes 
containing not more than 5.2 per cent 
unhydrated oxides ranged from 0.18 to 
0.26 per cent and averaged 0.22 per cent. 
The expansion with lime No. 34, which 
contained 9.5 per cent unhydrated 


oxides, was 0.82 per aa 
Fineness: 


The fineness tests were made in 
accordance with the procedure described 
in the A.S.T.M. Tentative Methods of 
Physical Testing of Quicklime and Hy- 
drated Lime (C 110 - 38 T),’ except that 


71944 Book of A.S.T.M. Standards, Part II, p. 1238. 
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three additional sieves were used in order 
to obtain additional information about 
the particle size distributions. 

The sieve analyses of the six limes are 


listed in Table III, and for convenience ~ 


the percentages retained on sieves Nos. 
30 and 200 are also listed in Table II. 


Plasticity: 


The Emley plasticity figures for the ~ 
limes were determined in accotdance — 
with A.S.T.M. Methods C 110. In. 
this method the putties are soaked over- 
night. In addition, plasticity figures 
were also obtained for lime putties tested _ 
25 to 30 min. after wetting. ; 


TABLE III.—SIEVE ANALYSES OF THE LIMES. 


Per Cent Passing Sieve 
Lime 
No. 30 | No. 50 |No. 100 |No. 200 | No. 325 
No. 23 99.5 95.5 88.0 82.8 82.1 7 
100.0 99.2 96.1 87.1 86.4 
100.0 99.7 99.4 98.8 98.1 
No. 34. 100.0 99.3 87.6 82.9 82.2 
’ ae 100.0 94.7 90.6 86.5 86.0 
No. 51 100.0 | 100.0 99.9 99.6 97.7 


The data are listed in Table II. It 
may be noted that all the putties, tested _ 
25 to 30 min. after wetting, had plastic- 
ity figures of 200 or more. The high 
plasticity exhibited by the putties with- 
out prolonged soaking is characteristic 
of the highly hydrated limes. In most 
cases the increases in plasticity resulting 
from the overnight soaking were rela- 
tively small. 


Water Retentivity: 


The water retentivity tests were made 
in accordance with the method described 
in A.S.T.M. Tentative Specifications for 
Masonry Cement (C 91 - 44 T).2 The 
initial flow was limited to 110 + 3 per 
cent. 

The data are listed in Table II. The 
water retentivity values ranged from 94 


8 1944 Book of A.S.T.M. Standards, Part IT, p. 1206. _ 
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7 


to 97 per cent, values much higher than 
for most limes of other types. 


CEMENT-LIME MorTARS 


Materials: 


The portland cement used in making 
all mortars was the same as used in the 
autoclave expansion tests and was ob- 
tained directly from the manufacturer. 
It fulfilled the A.S.T.M. specification 
requirements for type I cement.’ ‘Tests 
of various shipments of this particular 
brand received over the past two years 
have shown it to be of average strength 
and uniform in its characteristics. 

The standard Ottawa sand conformed 

to that designated in A.S.T.M. Standard 

| Method of Test for Tensile Strength of 
Hydraulic-Cement Mortars (C 190- 
44).° The masonry sand was a com- 
mercial sand from the Philadelphia area 
and fulfilled the requirements of A.S. 

 ‘T.M. Standard Specifications for Aggre- 
gate for Masonry Mortar (C 144- 
44)." The results of the tests on this 
sand are presented in Table IV. 

The limes used were those already 
described. 


General Test 


The procedures used in proportioning, 

- mixing, curing and testing of the mortars 
- were in conformity with those described 
in A.S.T.M. specifications for masonry 
cement C 91 and the corresponding 
Federal specification SS-C-181b, except 
for the divergencies specifically described 
in connection with the particular tests. 
All mixtures were prepared and all tests 
were performed in a laboratory in which 
the temperature was maintained at 
21C. + 2C. and the relative humidity 
at 55 + 5 per cent. The atmosphere 
of the damp closet was maintained at 


9 Standard Specifications for Portland Cement (C 150 - 
a 44) 1944 Book of A.S.T.M. Standards, Part LI, Pp: ‘. 

10 1944 Book of A.S.T.M. Standards, Part II, p. 70. 

1! 1944 Book of A.S.T.M. Standards, Part II, p. 232. 
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the same temperature as the laboratory 
and at a relative humidity of 95 + 3 
per cent. The water of the curing tanks 
was kept flowing continuously at a low 
rate and was maintained at the same 
temperature as the laboratory. All 
materials were at the temperature of the 
laboratory when used. 


Specimens and Test Methods: 


Mortar M—Cement-Lime Mixtures 
Tested as Masonry Cements.—In the 
cement-lime mortars made with stand- 
ard Ottawa sand (mortar M) the port- 
land cement - lime mixtures were tested 
as masonry cements. The portland 


TABLE IV.—PROPERTIES OF MASONRY SAND. 


Fineness, per cent passing sieve 


No.4 | No.8 | No. 16 | No. 30 | No. 50 | No. 100 


10 | 98 88 | | s 


Fineness modulus = 2.20. 

Organic impurities = approximately Fig. 2 of A.S.T.M. 
Standard Method of Test for Organic Impurities in 
Sands for Concrete (C 40 — 33), 1944 Book of A.S.T.M. 

_ Standards, Part II, p. 438. 

Weight per cu. ft., damp loose = 84 lb.; Weight per cu. ft., 
air dry = D>. 

Weight of dry sand in 1 cu. ft. damp loose sand = 82 lb. 

Mortar strength, 7-day = 1980 psi.; 28-day = 3590 psi., as 
compared with graded Ottawa sand, 7-day = 1850; 
28-day = 3200 psi. 

Mortar strength as prescribed by A.S.T.M. Standard 
es for Aggregate for Masonry Mortar (C 
144 - 44). 


cement and lime were mixed in the 
proportion of one bag (94 Ib.) of cement 
to two bags (100 lb.) of lime, and one 
part of the resulting cementitious mate- 
rial was mixed with three parts by 
weight of sand. Two separate batches 
of mortar were prepared with each lime, 
using 1500 g. of sand, and all test pro- 
cedures conformed to those described 
in Federal Specifications for Masonry 
Cement, SS-C-181b and the A.S.T.M. 
Tentative Specifications C 91 - 44 T. 
The range in consistencies was limited to 
an initial flow of 110+ 3 per cent. The 
specimens for the 7-day compressive 
strength tests were molded from the 
unused portion of the same batch as that 
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on which water retentivity tests were 
made. This was sufficient for only five 
2-in. cubes. The six cubes for 28-day 
tests were molded from a second batch 
immediately after measurement of the 
flow. 

Mortar N—1:2:9 By Volume, Masonry 
Sand.—The 1:2:9 masonry sand mor- 
tars (mortar N) were of the proportions 
of one bag of cement, two bags of lime 
and 9 cu. ft. of damp loose sand. The 
dry ingredients for each mix were 
weighed. The amount of sand used in 
each mix was calculated on the assump- 
tion that 1 cu. ft. of damp loose sand 
contains 80 lb. of air-dry sand. The 
value of 80 lb. was used in order to bring 
the tests into accord with the require- 
ment of the masonry code of the Ameri- 
can Standards Association.” The same 
procedure as for mortar M was used 
in the preparation and testing of these 
mortars, except that the size of the 
batches was increased by using 1800 g. 
of sand in order to yield sufficient mate- 
rial to mold 6 cubes. 

The specific weights were determined 
as follows: A cylindrical brass cup ap- 
proximately 3 in. in diameter and 4 in. 
high and having a capacity of 500 ml. 
was filled with the mortar which had 
been mixed and adjusted to a flow of 
110 + 3 per cent. The specific weight 
was calculated from the weight of this 
volume of mortar. The results of the 
tests from filling the cup according to 
two different procedures were com- 
pared. One procedure involved vibrat- 
ing the cup on an electrical vibrator 
while it was being filled in accordance 
with the procedure used by Blaine, 
Yates, and Dwyer of the National Bu- 
reau of Standards."* The second method 
involved tamping of each of three suc- 


!? American Standard Building Code Requirements for 
Masonry, A41.1-1944 ppenesees by the National Bureau of 
Standards and published as Miscellaneous Publication 
M174 (1944). 

“R.L. Blaine, J. C. Yates, and J. R. Dwyer, ‘‘The 
Testing of Portland Cements Containing Interground 
Vinsol Resin,” see p. 732. 


cessive layers of the mortar with a hard- 
rubber prism, 1.0 by 0.5 in. in cross- 
section, while the cup was being filled. 
The comparative values obtained by 
these two methods are designated as 
“tamped” and “‘vibrated” in the tabula- 
tion. 

Mortar O—Modified Mortar N.—The 
1:2:9 mortars were duplicates of mortar 
N in respect to proportion of con- 
stituents. The materials were mixed 
with the predetermined amount of water 
required to yield mortars which, after 
standing 30 min. and remixing, would 
give a flow of 110 + 3 per cent. The 
initial mixing was performed just as in 
the case of the previous mortars. The 
container was then covered with a damp 
cloth and allowed to stand for 30 min. 
from the time of wetting. The mortars 
were then remixed for one min. and 
tested for water retentivity. The cubes 
were molded from the mortars taken 
from the suction dish. This procedure 
was followed in order to gain some in- 
formation relative to their probable 
compressive strength under conditions 
more nearly simulating those obtaining 
when the mortars are used on the job 
and after they are placed between bricks 
of medium suction characteristics. 


Results of Tests: 


Mortar M—Cement-Lime Mixtures 
Tested as Masonry Cements.—The re- 
sults of the tests on mortar M are given 
in Table V. 

The quantity of mixing water re- 
quired to obtain the desired consistency 
varied from 15.3 per cent to 17.6 per 
cent of the combined weights of sand 
and cementitious material. The mortar 
from the lime containing the greatest 
percentage of unhydrated oxide (lime 
No. 34) required the smallest quantity 
of mixing water and possessed the high- 
est compressive strength as well as the 
lowest water retentivity. The mortar 
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containing the greatest percentage of 
water (No. 23), in turn, was one of the 


TABLE V.—PROPERTIES OF CEMENT-LIME 
MIXTURES—TESTED AS MASONRY 
CEMENTS—MORTAR M. 


Proportions of Cementitious Materials = 1 bag port- 
land cement + 2 bags hydrated lime. 

Composition of Mortar = dg = cementitious material 
+ 3 parts Standard Ottawa Sand, by weight. 


| 


Coefficient | 
Compres- | of Varia- | 
| sive tion of | 
| Strength, | Strength | 
2 bs psi Values, | = 
a} percent | %& 
§ 
3 
2) 
17.6| 108) 93 | 750 990) 2.2 | 1.6 | 0.76 
16.4] 107} 93 | 840 | 1130) 3.3 | 1.8 | 0.74 
16.0} 110) 91 | 870 | 1160] 1.3 | 1.5 | 0.75 
15.3] 111| 89 | 980 | 1220] 2.7 | 2.4 | 0.80 
16.0} 112} 92 | 940 | 1200) 1.7 | 1.7 | 0.78 
15.5} 108} 90 | 850 | 1110) 1.8 | 0.9 0.77 
Average. ..|16.1| | 91 | 870 | 1140] 2.2 | 1.7 | 0.77 


@ By weight of dry materials. 
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Specification requirements for masonry 
cement are 70 and 65 per cent, respec- 
tively.) The values for  retentivity 
showed a general parallelism with the 
mixing water content. 

The average 7-day compressive 
strength of the six mortars was 870 psi. 
(coefficient of variation 9.3 per cent) 
and 28-day average was 1140 psi. (coeffi- 
cient of variation 7.2 per cent). The 
7-day strengths were all far above the 
500-psi. 7-day requirement for type II 
masonry cement of Federal Specification 
SS-C-181b and with one exception 
(990 psi.), the 28-day strengths were 
well above the 1000 psi. 28-day require- 
ment for type II of that specification. 
Five of the limes were thus shown to 
yield 1:2 cement-lime mixtures which 
qualify as type II masonry cements under 
this specification. The mixtures from 
all six limes greatly exceeded the min- 


TABLE VI.—PROPERTIES OF 1:2:9, BY VOLUME, MASONRY SAND MORTARS—MORTAR N. 
Composition of mortar: 1 bag portland cement + 2 bags hydrated lime + 9 cu. ft. masonry sand. 


| Specific Coefficient of 
M Weight Ib Compressive Variation of 
ortar | Water | Strength, psi. | Strength Values,| Ratio of 
| Mixing | Initial | Yield per cu. ft. , 
Water, | Flow, | From 1 Reten- 1-day 
Lime per per of tivity, Strength 
cent? | cent | Lime, Average|Average) 6 
cu. yd. 'Tamped Ve | Cubes, | Cubes — 
brated | Cubes, | Cubes, 
7 days 28 days 7 days | 28 days 
= 
| OM Ree 18.8 107 6.31 127.1 126.5 | 94 425 620 3.3 1.3 0.69 
a 18.4 107 6.27 | 128.0 127.2 94 470 660 1.5 2.9 0.70 
8 are 18.0 112 6.36 125.2 124.9 93 485 710 2.9 1.0 0.68 
No. 34... 17.1 110 6.36 125.1 124.6 88 550 | 760 1.1 2.0 0.72 
No. 36... 18.0 109 6.43 124.4 123.6 95 510 740 1.8 0.8 0.69 
No. 51... 17.5 109 6.34 | 126.1 | 124.5 91 510 680 | 2.6 0.9 0.75 
Average......... 18.0 | | 6.39 | 126.0 | 125.2 92 | 490 | 695 | 2.2 | 1.5 | 0.71 


@ By weight of dry materials. 


wo having the highest water retentivi- 
ties, and it yielded cubes having the 
lowest strength. No relation between 
water content and compressive strength 
was apparent among the other four 
mortars. 

The water retentivity values of all 
the mortars were relatively high, ranging 
from 89 to 93 per cent, with an average 
of 91 per cent. .(A.S.T.M. and Federal 


4,” 


imum strength requirement of A.S.T.M. 
Tentative Specifications C 91-44 T of 
400 psi. for 7 days and 750 psi. for 28 
days. 

The ratios of the 7-day to 28-day 
strengths were very nearly the same for 
all the limes, ranging from 0.75 to 0.80 
with an average of 0.77. These ratios 
were vastly different from those re- 
ported in a previous paper,‘ where the 
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range was 0.50 to 0.69 with an average 
of 0.61 for the five limes tested. 

The cubes made from the individual 
mortars were unusually uniform in 
strength, having an average coefficient 
of variation of 2.2 per cent for 7-day 
cubes and 1.7 per cent for 28-day cubes. 
This uniformity is probably explained 
by the excellent workability of the mor- 
tars from the highly hydrated limes 
which made possible the production of 
remarkably uniform test specimens. 
This effect was apparent throughout all 
the tests on these limes. 
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use of the vibration method for filling 
the measuring cup. 

The water retentivity values were 
unusually high as compared with those 
obtained with the five limes discussed 
in the previous report. The average 
for the 1:2:9 mortars with the latter 
limes was 72 per cent, with a range from 
65 to 82 per cent, whereas, the values 
for the present mortars ranged from 88 
to 94 per cent, with a mean of 92 per 
cent. 

The workability characteristics of all 
these mortars, as in the case of the others, 


TABLE VII.—PROPERTIES OF 1:2:9, BY VOLE, BasCene SAND MORTARS—MORTAR O, MODIFIED 


Cubes for compressive strength were molded from mortars which had been subjected to suction for 1 min. 
Composition of mortar: 1 bag portland cement + 2 bags hydrated lime +9 cu. ft. masonry sand. 


Initial Coefficient of Increase in 
Flan Compressive Variation of | Strength over 
Mixin Adner Flow | Water Strength, psi. |Strength Values,, Mortar N, Ratio of 
—— Water | Stand. |.After | Reten- per cent per cent 7-day 
Lime Suction,} tivity, | Strength 
per, | ing 30 |" per per to 28-day 
cent cent | cent Average a Strength 
| cent Cubes, | Cubes, | |. Udes, ave 
| 7 days |28 days 7 days |28 days 
= Sree 18.8 107 98 92 520 700 2.3 2.4 | 22.6 13.6 0.74 
SS Sea: 18.6 110 | 101 92 | 520 740 3.5 1.9 $3.7 12.9 0.70 
| Sees 18.0 110 | 103 94 520 750 3.3 2.6 | 6.6 5.7 0.70 
SS ASE 17.5 112 103 91 570 760 1.6 3.1 2.7 0.7 0.75 
18.2 | 110 | 103 93 530 740 | | 0.6 4.4 0.0 0.72 
ee 18.1 109 102 93 530 670 Sm i te 4.1 —1.3 0.79 
Average......... 18.2 | | 92 530 730 2.3 | 2.0 | 8.7 | 5.3 | 0.73 


* By weight of dry materials. 


Mortar N, 1:2:9 by Volume, Masonry 
Sand.—The results of the tests in mor- 
tar N are given in Table VI. 

The variations in the quantities of 
water required to yield mortars of the 
desired consistency (flow 110 + 3 per 
cent) were appreciably less (17.1 to 18.8 
per cent) than in the case of the standard 
sand mortars and the general trend was 
for the mortars with lower water content 
to show higher compressive strengths. 

The specific weight values determined 
by the two different methods previously 
described agreed very closely although 
the values obtained by using the tamp- 
ing procedure were slightly but con- 
sistently higher than those obtained by 


were such that excellent test cubes were 
produced with ease and this perhaps 
explains the small spread in the com- 
pressive strengths of the six cubes of 
each mortar, as indicated by the low 
coefficients of variation. These aver- 
aged only 2.2 and 1.5 per cent for the 
7-day and 28-day cubes, respectively. 

A comparison of the compressive 
strengths of the mortars from all of the 
limes shows only very slight differences. 
The average 7-day strength for all the 
mortars with the six limes was 490 psi., 
with a coefficient of variation of 8.7 
per cent, and the average 28-day strength 
was 695 psi., with a coefficient of varia- 
tion of 7.5 per cent. 
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There was also evident a uniformity 
among the ratios of 7-day to 28-day 
strengths. These ranged from 0.68 to 
0.75, with an average of 0.71. 

It may be noted from the 28-day 
strengths that all of these mortars could 
be classified as type B under the Ameri- 
can Standard Code,” in spite of the fact 
that they are type C mortars under the 
proportion classification of this code. 

Mortar O—Modified Mortar N.—The 
results of tests on mortar O are given 
in Table VII. 

Several significant facts are obvious. 
In the first place, the water retentivities 
of the 30-min. mortars were found to be 
approximately the same as those of 
mortar N which was tested immediately 
after mixing. The averages were identi- 
cal for the two different sets of mortars 
and this similarity indicates that al- 
lowing the mixes to stand for 30 min. 
did not appreciably affect the water 
retentivity. 

In the second place, there was even 
less difference in the compressive 
strengths of these mortars from the six 
limes than was the case with mortar N. 
The average 7-day strength for mortar 
O from the six limes was 530 psi., with a 
coefficient of variation of only 3.7 per 
cent, and the average 28-day strength 
was 730 psi., with a coefficient of varia- 
tion of only 4.8 per cent. This result 
might have been expected because the 
amount of what might be called excess 
water, which varied with different mor- 
tars, was removed by suction, thus 
rendering the mortars from the different 
limes more uniform in their water 
content. 

The strength values were generally 
higher, and the increases in the strengths 
of these mortars over the strengths of the 
mortars molded immediately after mix- 
ing ranged between 2.7 and 22.6 per cent 
for the 7-day cubes and between —1.3 
and 13.6 per cent for the 28-day cubes. 
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These wide variations might be at- 
tributable, as previously noted, to appre- 
ciable differences in the quantity of 
excess water in the mortars made with 
the different limes. 

The ratios of the 7-day strengths to the 
28-day strengths show a somewhat 
greater spread (0.70 to 0.79, average 
0.73), than the corresponding ratios for 
the mortars molded immediately after 
mixing. 

CoNCLUSIONS 

It is apparent from the data presented 
that all of the six commercially available 
highly hydrated dolomitic masonry limes 
and their 1:2:9 mortars show an unusual! 
similarity, despite the fact that the 
limes originated at three widely sepa- 
rated lime producing centers. The fol- 
lowing specific conclusions also appear 
to be warranted: 


The Limes: 


1. The chemical compositions of the 
limes were very similar. 

2. The calculated unhydrated oxide 
content of five of the limes ranged be- 
tween 1.6°and 5.2 per cent and the 
linear expansions of autoclaved test 
bars of neat pastes composed of 2 parts 
portland cement and 1 part lime, by 
weight, were from 0.18 to 0.26 per cent. 
The unhydrated oxide content of the 
sixth lime was 9.5 per cent and its linear 
expansion 0.82 per cent. 

3. The water retentivity values ranged 
from 94 to 97 per cent. 

4. The plasticity figures for the put- 
ties tested 25 to 30 min. after wetting 
ranged from 200 to 450 and those of the 
putties tested after soaking overnight 
were from 290 to 550. 


Cement-Lime Mixtures, Tested as Ma- 
sonry Cements: 


5. Mixtures of each of the six limes 
when proportioned in the ratio of 1 bag 
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of portland cement to 2 bags of hy- 
drated lime and tested as masonry ce- 
ments have water retentivities ranging 
from 89 to 93 per cent, values which 
greatly exceed the requirements of 65 
and 70, respectively, of the Federal 
and A.S.T.M. Tentative Specifications 
for Masonry Cement. 

6. The mortars from five of the six 
limes had 28-day compressive strengths 
exceeding the 1000 psi. requirement of 
the Federal specifications for type 
II masonry cement. The value for the 
sixth lime was 990 psi. The ratios of 
7-day to 28-day compressive strengths 


compressive strength of 695 psi. with a 
coefficient of variation of 7.5 per cent. 
All strengths were above the minimum 
requirement of 600 psi. for type B 
mortars of the American Standard 
Building Code Requirement for Ma- 
sonry. The ratios of 7-day to 28-day 
strengths ranged from 0.69 to 0.75 with 
an average of 0.71. 

9. The 1:2:9, by volume, masonry 
sand mortars which were allowed to 
stand 30 min. after the initial mixing 
possessed approximately the same water 
retentivities as the mortars tested im- 
mediately after mixing. These values 


ranged from 0.74 to 0.80, with an aver- ranged from 91 to 94 per cent with an 


age of 0.77. 


Cement-Lime Mortars: 


7. The 1:2:9, by volume, masonry 
sand mortars, tested immediately after 
mixing, had unusually high water re- 
tentivities. The values were from 88 
to 95 per cent with an average of 92 
per cent. 

8. The cubes made from the mortars 
from the six limes had an average 28-day 


average of 92 per cent. 


10. The 1:2:9, by volume, masonry 
sand mortars, allowed to stand 30 min. 
and then subjected to suction for 1 min., 
had somewhat higher and more uniform 
compressive strengths than the cor- 
responding mortars tested immediately 
after mixing. The average at 28 days 
was 730 psi., with a coefficient of varia- 
tion of 4.8 per cent. The ratios of 7-day 
to 28-day strengths ranged from 0.70 
to 0.79 with an average of 0.73. 
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THE TESTING OF PORTLAND CEMENTS CONTAINING INTER- 


GROUND VINSOL RESIN 

By Raymonp L, Brarne,! Jason C. YaTEs,! AND JOHN R. Dwyer! 

SYNOPSIS n 

in 


Tests were made on 64 commercially manufactured air-entraining portland 


cements containing interground Vinsol resin. The quantities of Vinsol resin ¥ 
a in these cements ranged from 0.007 to 0.123 per cent. Fineness values deter- SI 
mined by means of the Wagner turbidimeter ranged from 1500 to 2400 sq. cm. - 
per g. The 1:3 tension test mortars made according to regular portland ce- P' 
ment specifications had flows ranging from 57 to 128 per cent, whereas un- of 
treated cements had flows of 65 to 75 per cent. ‘Tensile strength mortars were th 
also proportioned with just enough water to give the 65 to 75 per cent flow ti 
characteristic of untreated cements. The 1 to 2.75 compressive strength cc 
mortars were proportioned with the 0.53 water-cement ratio required in pre- te 
vious specifications and also with just enough water to have a flow of 100 to we 
115 per cent. The report indicates the water requirements and strengths at m 
different ages of the different cements when proportioned and tested by dif- W 
ferent methods. ‘The strengths of the different cements varied over a wide fh 
range. For example, the 7-day tensile strengths ranged from 250 to 530 psi. ‘ 
and the 7-day compressive strengths of plastic mortars ranged from 1400 to th 
5330 psi. The compression test indicated a much greater difference in the ap 
relative strengths of the different cements than did the tension test. fo: 
Measurements were made of the air entrained in the various mortars used th 
for strength test specimens as well as the air entrained in the proposed per- sp 
formance test mortar and in concrete. The compressive strength mortars mi 
had from 1 to 10 times as much entrained air as the concrete made of the re- us 
spective cements and the difference in ratios of the amount of air entrained te 
in the tension test mortar to that in concrete was even greater. wl 
The 1:4 standard test mortars made of the Vinsol resin cements had from al 
6 to 23 per cent entrained air whereas the concrete made from these cements 

had from 1.5 to approximately 15 per cent entrained air. The ratio of air en- at 

trained in the 1:4 test mortar to that in concrete varied from 1.5 to 4.9. 
The duplicability of air contents of the 1:4 mortars was as good as or better me 
than was found with the other mortars tested. tes 
The tests reported furnish information supporting some of the recent me 
changes in methods of test and specification requirements of Vinsol resin the 
cements. spe 
to 
The commercial production of air-en- ground in the manufacturing process is bel 
training portland cements containing a rather recent development. Soon af- wa 
small quantities of Vinsol resin inter- ter their first use it became apparent that lar; 
the existing specifications did not include 
National Bureau of Standards, Washington, D. C. adequate criteria for their evaluation air. 
9320 ing 
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and that new tests and testing techniques 
should be provided. The investigation 
described in this paper was undertaken 
to obtain information on methods of 
testing. 

At the time this investigation was 
started both A.S.T.M. and Federal 
specifications required that, for a given 
cement, the water requirement of the 
neat cement paste be used in determin- 
ing the amount of water for the cement- 
sand mortar used for tensile strength 
specimens. The original intent of this 
method of proportioning of the regular 
portland cements was to take cognizance 
of the different water requirements of 
the different cements and at the same 
time produce mortars of about the same 
consistency. However, these tension- 
test mortars made of Vinsol resin cements 
were found to be more workable than 
mortars made of the regular cements. 
With some cements the mortar was so 
fluid that some of it was forced out of 
the mold when an attempt was made to 
apply the 15 to 20 lb. pressure specified 
for molding the test specimens. In 
those cases it was impossible to mold the 
specimens according to specification 
methods. Similarly, the plastic mortar 
used in making the compressive strength 
test specimens was adjudged too wet 
when made with the water-cement ratio 
of 0.53 required by specifications in force 
at the time this investigation was begun. 

The effect of change of the water-ce- 
ment ratio on strength of the acceptance 
test mortars of the air entraining ce- 
ments was not fully known. Because 
the strength requirements in cement 
specifications are of particular interest 
to both producer and consumer, it was 
believed desirable to make a study of the 
water requirements and strengths of a 
large number of Vinsol resin cements. 

Sixty-four commercially manufactured 
air-entraining portland cements contain- 
ing interground flake Vinsol resin were 
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procured from 57 mills. ‘Tests were also 
made on nine cements not reported as 
containing Vinsol resin or other air-en- 
training agents in order to obtain a basis 
for comparison of some of the properties. 
Of these nine untreated cements, three 
were type III or high-early-strength 
cements. These type III cements were 
chosen because they were of a fineness 
comparable to the finer of the Vinsol 
resin cements and also because it was 
believed that the plastic properties of 
these cements were more like those of 
the Vinsol resin cements than of tle 
other untreated cements. 

One of the distinguishing properties of 
Vinsol resin cement is the entrainment 
of air in mortars and concretes made 
with the cement. When Vinsol resin 
cement was first manufactured, it was 
believed adequate to specify the maxi- 
mum and minimum quantities of Vinsol 
resin in the cement in order to maintain 
the air content in concrete within suit- 
able limits. Later experience showed 
that there are other variables besides the 
quantity of Vinsol resin affecting the air 
entraining property of the cement. This 
led to a performance test? in which the 
air content of a 1:4 mortar was the 
criterion of the probable air content of 
concrete made of that cement. A study 
was made of the relation of the air con- 
tent of the proposed 1:4 mortar to that 
of concrete. Determinations were also 
made of the air contents of neat pastes 
and of various mortars used for strength 
tests in a study, first, of the relations of 
air contents of the pastes and mortars to 
other properties, and, second, of the 
possibility of the use of tests other than 
the proposed air-entrainment test. 


TESTS AND TEST METHODS 
Fineness: 
The fineness values of these cements 


2 Tentative Method of Test for Air Content of Port- 
land-Cement Mortar (C 185 = 44 T), 1944 Book of A.S.T.M. 
Standards, Part II, p 1227. 
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were determined by means of the Wagner 
turbidimeter and also by means of the 
Lea-Nurse air-permeability apparatus. 
The turbidimeter fineness values were 
determined in accordance with the 
methods prescribed in the A.S.T.M. 
Standard Method of Test for Fineness of 
Portland Cement by the Turbidimeter 
(C 115-42).2 In the air-permeability 
fineness tests, a 2.54-cm. diameter cell 
with a bed depth of 1.85 cm. was used. 
The size of sample tested was varied to 
produce a test bed having an index of 
compaction (1)* of 1 to 3 mm. The 
regular Lea-Nurse equation (2) was used 
in calculating the fineness values. Du- 
plicate determinations of fineness were 
made by each method for each of the 
cements, 


Chemical Tests: 


The amount of chloroform-soluble 
material of each of the Vinsol resin 
cements was determined according to 
the method prescribed in Section 32 of 
the A.S.T.M. Standard Methods of 
Chemical Analysis of Portland Cement 
(C 114-42).5 Chemical analyses for 
Vinsol resin were also made by the 
methoxyl method of A.S.T.M. Tentative 
Methods of Chemical Analysis of Port- 
nd Cement (C 114 — 44 T)* on 13 of the 


cements. 


Consistency: 
Neat Pastes.—The amount of water re- 
- quired to produce normal consistency in 
a cement paste was determined for each 
of the cements according to the method 
prescribed in the A.S.T.M. Standard 
Method of Test for Normal Consistency 

of Hydraulic Cement (C 187 — 44).? 

With most of the cements the water 
requirements were checked by a second 
operator, but with some cements, the 


3 1944 Book of A.S.T.M. Standards, Part II, p. 47. 
4 The boldface numbers in parentheses refer to the list 
_ of references appended to this paper, see p. 752. 
a 5 1942 Book of A.S.T.M. Standards, Part II, p. 14. 
6 1944 Book of A.S.T.M. Standards, Part II, p. 1214. 
7 [bid, p. 58. 


same operator made all of the determina- 
tions. Three or more determinations 
were made with each of the cements. 
Mortars.—The consistencies of the 
mortars were determined by means of 
the 10-in. flow table according to the 
method prescribed in A.S.T.M. Standard 
Method of Test for Compressive Strength 
of Hydraulic-Cement Mortars (C 109- 
44) ,° except that a slight deviation in the 
test procedure occurred in the method 
of filling the flow mold. The flow mold 
was filled in three layers by rather forci- 
bly projecting the mortar into the cup by 
means of a “4-cup” measuring scoop. 
Very little if any tamping or compressing 
was necessary to obtain uniform filling. 
Because of the tendency of some of the 
mortars to stiffen, a close adherence to 
the 30-sec. time interval specified be- 
tween the completion of mixing and the 
start of flow was very important with 
these cements. A flow determination 
was made on each of two batches on each 
of the mortars of each of the cements. 


Strength: 


Tensile Strength—Tensile strength 
specimens were made from mortars of 
two consistencies and in accordance with 
the methods prescribed in A.S.T.M. 
Standard Method of Test for Tensile 
Strength of Hydraulic-Cement Mortars 
(C 190 — 44)° except as described below. 
Three specimens were made for testing 
in tension at each of the ages of 3, 7, 
and 28 days from each of the cements 
and each of the two mortars. Three 
specimens were stored for test at a later 
age. ‘The two mortars were as follows: 

1. Mortar A, proportioned 1:3 by 
weight of cement to (20-30) Ottawa 
sand, was gaged with the quantity of 
water as required by the table in Section 
6 of Method C 190-44. Inasmuch as 
it was impossible to apply the specified 
15 to 20-lb. pressure on many of these 


8 1944 Book of A.S.T.M. Standards, Part II, p. 76. 
9 Ibid, p. 70. 
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mortars without forcing mortar out of 
the mold, the amount of pressure used 
was varied with the need of the different 


cements. 

f 2. Mortar B, proportioned 1:3 by 
e weight of cement to (20-30) Ottawa 
d sand, was gaged with enough water to 
h secure a flow of 70+ 5percent. Prelim- 
‘ inary tests had indicated that normal 
. portland cements not containing Vinsol 
d resin had flows within this range of values 
d when gaged with the quantity of water 
- specified in Table II of Section 6 of 
y Method C 190- 44. When the flow of 
p. mortar A was within the 70 + 5 per cent 
1g range chosen for mortar B, the same 
8. specimens served for both mortars A 
he and B. 

to The mortar batches used for the flow 
oe determinations were not used in making 
he the briquets because of the rapid stiffen- 
th ing of some of these mortars. 

on Compressive Strength—Compressive 
ch strength specimens were made in accord- 

ance with the methods prescribed in 
Method C 109 except with some devia- 

sth tions from the regular test methods as 
of noted below. Mortars were made of two 
ith consistencies as follows: 

M. _1. Mortar C, a plastic mortar propor- 
sile tioned 1 to 2.75 by weight of cement to 
ars graded Ottawa sand, was prepared with 
ow. 53 per cent water by weight of cement. 
ring This is the mortar specified in Tentative 
4: Method of Test for Compressive Strength 
ents of Portland-Cement Mortars (C 109 - 
43T)° and in A.S.T.M. Tentative 
ater Specifications for Treated Portland Ce- 
Ws: ment for Concrete Pavements (C 175 - 

by 42T)™ in force when this work was 
awa started. 
y of 2. Mortar D, a plastic mortar propor- 
‘tion tioned 1 to 2.75 by weight of cement to 
h as graded Ottawa sand, was gaged with the 
a amount of water needed for a flow of 
these 


19 1943 Supplement to Book of A.S.T.M. Standards, 
Part II, p. 79. 


u 193)" Book of A.S.T.M. Standards, Part II, p. 1055. 
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100 to 115 per cent. This mortar cor- 
responds with that specified in Method 
C 109 — 44, which method is required by 
the latest revision of Tentative Specifica- 
tions C175,” proposed after the work 
was started. 

For both of these mortars the flow was © 
determined by means of the 10-in. flow 
table and, simultaneously, a volume-— 
weight determination was made on a 
part of the mortar. The mortar was 
then replaced in the mixing bowl and — 
remixed for 15 sec., after which the 2-in. 
cube specimens were made. The cube > 
molds were filled in two layers by rather ' : 
forcibly projecting the mortar into the 
mold by means of a }-cup measuring 
scoop. Each layer was tamped, using 
just sufficient pressure to insure uniform 
filling of the molds as specified in Method 
C 109 - 44, 

Compressive strength specimens were | 
made of each of the mortars C and D> 
for each of the cements. Three speci-— 
mens were tested in compression at each 
of the ages of 3, 7, and 28 days and three 
specimens were stored for testing at a 
later age. 


Air Content Determinations: 


Tests on Mortars A, B, C, and D.— 
Determinations were made of the air 
contents of mortars A, B, C, and D 
made for the strength test specimens and 
also on mortars E and F and pastes L 
and H which will be described later. 

After the flow determinations were 
made, each of the mortars A and B were 
replaced on the mixing slab and remixed 
for about 10 sec., after which the volume- 
weight or bulk-specific-gravity deter- 
minations were made. 

For mortars C and D, volume-weight - 
determinations were made immediately 
after mixing. 


Bulk-specific-gravity or 
determinations were made as follows: | 


12 1944 Book of A.S.T.M. Standards, Part II, p. 1203. 
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A 210-ml. brass cup, 2.5 in. in diameter 
and 2.5 in. high, was placed on a small 
platform vibrator and filled in 3 to 5 
layers as the cup was vibrated. (Some 
preliminary studies of different methods 
of placing the mortars in the cup indi- 
cated the desirability of the use of a 
vibrator from the standpoint of repro- 
ducibility and ease of placement of the 
dry mixes). The drier, less plastic 
mortars were placed in the cup in the 
smaller amounts. A quantity of the 
mortar was placed in the center of the 
cup and the vibrator started. Succeed- 
ing quantities were placed in the cup as 
soon as the preceding amount had been 
leveled. The time required to fill the 
cup to overflowing varied from 15 sec. 
to 1 min., depending on the placeability 
of the mortar. Care was taken not to 
overvibrate and cause loss of entrained 
air. Excess mortar was struck off with 
a sawing motion of a straightedge, and 
the cup and contents were weighed to 
the nearest 0.1 g. Tests were made on 
two batches of each type of mortar for 
each water content of each of the ce- 
ments. If the calculated air contents 
of the pairs of mortars differed by more 
than 1 per cent, additional tests were 
made. 

Mortar E.—Mortar E, 1:3 by weight 
cement to standard 20-30 Ottawa sand, 
was used in the test as proposed by 
Kennedy (3) as a_ performance test. 
One hundred grams of cement were mixed 
for 30 sec. with 60 ml. of water in a 400- 

mi. beaker. Three-hundred grams of 
sand were then added and mixed for 2 
min. with a spatula. A 206-ml. brass 
cup, 2.0 in. in diameter and 4.0 in. tall, 
was filled with the mortar in three layers, 
jiggling the container after each addition. 
The excess mortar was struck off with a 
straightedge and the cup and contents 
were weighed to 0.1 g. Duplicate de- 


terminations of entrained air were made 
for each of the cements. 
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Mortar F.—Mortar F, 1:4 by weight 
cement to standard 20-30 Ottawa sand, 
was mixed in accordance with the meth- 
ods prescribed in the A.S.T.M. Tentative 
Method of Test for Air Content of Port- 
land-Cement Mortar (C 185-44 T),® 
except that the batch size differed from 
that specified in the tentative method, 
250 g. of cement and 1000 g. of sand 
being used. The mortar was mixed 
vigorously as specified. The Burmister 
flow trough used in determining the con- 
sistency was made of brass and had a 
}-in. strip across the top of the open end 
of the trough to maintain its rigidity. 

In determining the air entrained in the 
1:4 mortar, the 210-ml. cup and vibrator 
were used in the same manner as de- 
scribed above for mortars A, B, C, and 
D. Air determinations were made si- 
multaneously with the flow determina- 
tion. Duplicate tests were made for 
each of the cements, using a new batch 
for each determination. 

A supplemental series of air determina- 
tions was made on 15 of the cements 
using the 1:4 mortar. In these tests 
there were used: (1) the 210-ml. cup and 
vibrator as described above, (2) a 
206-ml. cup in which the mortar was 
compacted by jiggling the cup, and (3) 
a 500-ml. cup using the method of filling 
specified in Tentative Method in C 185 - 
44T. The batch was larger (400 g. 
cement, 1600 g. sand) so that all three 

cups could be filled simultaneously from 
the same batch of mortar. Some addi- 
tional tests were also made to determine 
the relation of the flow obtained on the 
flow table to flow obtained by use of the 
Burmister trough. The flow on the 
flow table was obtained in the usual 
manner except that the percentage in- 
crease in diameter of the mortar was 
determined after ten 3-in. drops. 

Pastes motor-driven mixing 


13 1944 Book of A.S.T.M. Standards, Part II, p. 1227. 
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device was used in the preparation of 
the pastes L. The mixing mechanism 
consisted of a rubber paddle 33 in. long, 
1 in. wide, and } in. thick which was 
rotated about its longitudinal vertical 
axis at 350 rpm. In the preparation of 
the paste, 400 g. of cement was added to 
200 ml. of water and mixed in a 4-in. 
diameter mixing cup for 2 min. During 
the mixing procedure, the cup was moved 
about in such a manner that the sides 
and bottom were scraped by the revolv- 
ing paddle. After being mixed, the 
paste was poured into the 206-ml. cup 
described above. The cup was filled 
to overflowing and the excess paste re- 
moved by sliding a small glass plate onto 
the container. This tended to remove 
the large bubbles of air at the top of the 
paste. The container and contents were 
weighed to the nearest 0.1 g. Duplicate 
determinations of entrained air were 
made for each of the cements. 

Pastes H.—The pastes H were mixed 
in a 2-cup size cocktail type food mixer. 
This type of mixer was used in an at- 
tempt to incorporate as much air in the 
paste as possible. In the preparation 
of the paste H, 270 g. of cement and 135 
g. of water were placed in the mixer and 
were shaken for 1 min., let stand for 
1 min., and then reshaken for 4 min. 
The paste was then poured into the 
206-ml. cup described above. The ex- 
cess paste was removed by means of the 
glass plate and the container with con- 
tents weighed to the nearest 0.1 g. 
Duplicate determinations using this 
method were made for each of the ce- 
ments. 

Concrete——The concrete contained 1 
part cement, 2.2 parts sand, and 3.3 
parts gravel by weight. Enough water 
was added to secure a slump of 3 + 1 in. 
A batch of concrete slightly greater than 
2 cu. ft. was mixed 5 min. in a 0.6-cu. ft. 
Lancaster mixer. The weight per cubic 
foot was determined according to the 
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method prescribed in A.S.T.M. Stand- 
ard Method of Test for Yield of Concrete 
(C 138-39)" using a 4-cu. ft. con- 
tainer. The fineness modulus of the 
sand was 3.02; the fineness modulus of 
the sand plus aggregate was 4.87. The 
maximum size of the aggregate was 1 in. 
Dry sand and aggregate were used in 
making the concrete. 

Approximately 10 min. were required 
from the start of mixing to the comple- 
tion of the concrete weight determina- 
tion. Because of this, the apparent 
specific gravity of the coarse aggregate 
was calculated from the weight of the 
aggregates as used and the weight in 
water after 10 min. soaking. The ap- 
parent specific gravity of the concrete 
sand was also determined after 10 min. 
soaking. 

Only one weight-per-cubic-foot deter- 
mination was made with each of the 
cements except with one cement for 
which seven weight determinations were 
made on different batches made on four 
different days to obtain an idea of the 
precision of the test results. 


Calculation of Air Contents: 


The air contents of the mortars, 
pastes, and concrete were calculated 
by the following formula: 


Air, per cent = 100 (1 - ws) 


W. 
where: 
W. = observed weight per unit vol- 
ume, and 
W . = calculated or theoretical weight 


per unit volume. 

The observed weight per unit volume 
(W .) was computed by dividing*the net 
weight of the mortar, paste, or concrete 
in the measuring cup by the volume of 
the cup used. 

The calculated or theoretical weight 


446 1942 Book of A.S.T.M. Standards, Part II, p. 408. _ 
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per unit volume (W ,) is the summation 
of weights of the batched materials 
divided by the summation of the abso- 
lute volumes of these same materials. 
The volumes of entering materials were 
computed using a specific gravity of 3.15 
for cement, 2.65 for Ottawa sand, and 
2.62 as the average for the fine and coarse 
aggregates after 10 min. soaking. 

The use of this general formula re- 
sulted in the same calculated air content 
values as would be obtained by the use of 
the formula in Method C 185-44T 
which applies only to 1:4 mortar. 


RESULTS OF THE TESTS 


The results of the tests are presented 


in detail in Tables I and III. 


Vinsol Resin Content of Cements: 


It may be noted from Table I that the 
chloroform-soluble material of the com-— 
mercial Vinsol resin cements varied from 
0.007 to 0.123 per cent. Twenty of the 
64 Vinsol resin cements had quantities 
of chloroform-soluble material either 
greater or less than the limits of 0.025— 
to 0.045 per cent specified by Federal | 
Specification SS— C-191b, amendment 
1, and which were also the limits in the 
recently revised A.S.T.M. Specifications 
C175—-42T. The amount of Vinsol 
resin was determined by the methoxyl 

method on 13 of the cements and was 
generally in fair agreement with the 
amount determined by the chloroform- 
soluble method but in most cases the 
Vinsol resin values obtained by the 
methoxyl method were slightly lower 
than those obtained by the chloroform- 
soluble method. 
Fineness: 

Turbidimeter fineness tests indicated 
_ that 6 of the 64 Vinsol resin cements had 
a specific surface of 2000 sq. cm. per g. 
or greater. The ratio of air permeability 


to turbidimeter fineness values varied 


from 1.6 to 2.1. There was no definite 
relation between fineness, as determined 
by either the turbidimeter or the air- 
permeability method, and the other 
determined properties of the Vinsol 
resin cements. 


Normal Consistency of Neat Pastes: 


The percentage of water required to 
produce a paste of normal consistency 
varied over a wide range for the different 
cements. The distribution of values is 
indicated in Fig. 1. 
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Fic. 1.—Frequency Distribution of Percentage of 
Water Required for Normal! Consistency of Neat 
Pastes of Vinsol Resin and Untreated Cements. 


The check determinations, by the same 
or by different operators were in close 
agreement with each other. 

One of the characteristics of the 
Vinsol resin neat pastes was a quick 
stiffening tendency. ‘This property of 
quick stiffening is also encountered to a 
lesser degree with some portland ce- 
ments, most high-early-strength cements, 
and with masonry cements. In order to 
obtain a penetration of 10 mm. in the 
normal consistency determination, more 
water was added to a majority of the 
Vinsol resin cements than would ordin- 
arily be necessary for untreated type I 
or II cements. The Vinsol resin neat- 
pastes were, in most cases, very workable 
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and sticky during the mixing operation 
and in one instance almost liquid. Be- 
cause of the stickiness, it was impossible 
with many of the cements to knead the 
pastes vigorously, and impossible to 
form into a ball and toss the paste from 
the one hand to the other as specified. 
The time elapsing between the comple- 
tion of the filling of the Vicat ring and 
the release of the plunger was a particu- 
larly important factor affecting the depth 
of penetration in the normal consistency 
determination of Vinsol resin cements. 

In some additional tests, a few of the 
cement pastes were mixed the required 
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Fic. 2.—Frequency Distribution of Percentage 
of Flow of 1:3 Mortars of the Different 
Cements when the Amount of Mixing Water 
Was Based on the Water Requirement of 
the Neat Paste of Normal] Consistency of the 
Respective Cements. 

The flow values are presented to the nearest 5 per cent. 


time, allowed to stand about 2 min., and 
then reworked. This usually resulted 
in a greater penetration than was ob- 
tained when the standard normal con- 
sistency procedure was used, because the 
cement pastes did not stiffen so rapidly 
after the reworking. It might, therefore, 
be desirable to specify a waiting period 
and then a reworking of the paste before 
the penetration test of the normal con- 
sistency determination. Such a proced- 
ure could be used for other types of 
cements as well. 

Flow: 

Mortars A and B.—When the per- 
centage of water for the 1:3 mortars 
was based on the water requirements of 
the neat pastes of the Vinsol resin 


cements, the resulting mortar A had 


flows ranging from 57 to 128 per cent. | 
The distribution of flow values of all the — 


cements is presented in Fig. 2. 


It may be noted from this figure that — 


although most of the Vinsol resin ce- 
ments when tested in mortar A had flow 
values above the 65 to 75 range found 
for the untreated cements, 14 had flows 
in this same range, and 2 had lower 
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Fic. 3.—Frequency Distribution of Percentage 
Water Requirements of 1:3 Tension 
Test Mortars. 


In mortar A the amount of water was based on water 
requirements of the neat pastes of normal consistency, 
whereas the B mortars were gaged with enough water to 
have a flow of 70 + 5 per cent. 


flow values. These two last cements 
therefore required more water in mor- 
tar B than in mortar A. It may be 
noted that the three untreated high- 
early-strength cements were in the group 
having a flow of 65 to 75 per cent for 
mortar A. Histograms showing the 
water requirements of mortars A and B 
are presented in Fig. 3. 

The range of water requirements for 
mortar B was found greater than for 
mortar A. The water requirements of 
mortar A ranged from 10.3 to 11.4 per 
cent for the different cements whereas 
mortar B required from 9.3 to 12.0 per 
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742 BLAINE, YATES, 
cent water. The operators considered 
that mortars B made of the Vinsol resin 
cements to a flow of 70 + 5 per cent were 
similar in their mixing and molding 
properties to the normal consistency 
mortars made of the untreated cements. 
Certain of the Vinsol resin cements, 
however, had a tendency to stiffen 
rather rapidly, making the time element 
an important factor in the proper fabrica- 
tion of the tension test specimens. It 
might, therefore, be desirable, just as 
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Fic. 4.—Frequency Distribution of Percentage of 
Flow of 1:2.75 Mortars of the Different Cements 
for a Water Cement Ratio of 0.53. 


_ The flow values are presented to the nearest 5 per cent. 


with the neat pastes, to require a waiting 

_ period and then a reworking of the mor- 

tars before making flow measurements 
and molding strength test specimens. 

Mortar C.—Mortar C was prepared in 

accordance with Tentative Method 
C 109-43 T using a constant water- 
—_— ratio (53 per cent by weight of 
cement). 

As may be noted in Table I, the flows 
= the mortars C made with the un- 
treated cements ranged only from 120 
to 135 per cent. However, the C mor- 

tars made from the Vinsol resin cements 
had flows ranging from 120 to over 150 
per cent, a few being so fluid that they 
exceeded the capacity of the flow table in 
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the specification test and attained a flow 
of 150 per cent in only 22 drops. 

It might also be noted that some of 
the Vinsol resin cements had lower 
flow values than were obtained with 
some of the cements not containing 
Vinsol resin. 
the high-early-strength cements had 
about the same flows as the other un- 


treated cements in mortar C. Figure 4 
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Fic. 5.—Frequency Distribution of Water- 
Cement Ratios of the 1:2.75 Plastic Mortars 
of the Different Cements when Gaged with the 
Amount of Water Needed for a Flow of 100 to 
115 per cent. 


indicates the distribution of flows of the 
C mortars. 

Mortar D.—A\ll of the cements required 
less water for mortar D (100 to 115 flow) 
than was required in the corresponding 
C mortar (53 per cent water by weight 
of cement). Figure 5 indicates the 
distribution of water requirements of the 
D mortars. 

Reproducibility of Flows——The flow 
values determined on the duplicate pairs 
of mortar batches were in close agreement 
in most instances. In an analysis of the 
flows of 200 pairs of mortar batches from 
the A, B, C, and D mixes it was found 
that the difference in flows of the pairs 
of mortars was 1 or less for 34 per cent 
of the mortars, 2 or less for 57 per cent, 
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3 or less for 76 per cent, 4 or less for 88 
per cent, 5 or less for 95 per cent, and 10 
or less for 100 per cent of the mortars. 
These differences in flow may be partly 
due to slight variations in mixing tech; 
nique which may affect the air content 
of the mortar, and partly due to lack of 
uniformity in placement of the mortar 
in the flow cone. However, these dif- 
ferences in flows were smaller than are 
commonly obtained on different flow 
‘on in different laboratories. 


Strength: 


In the presentation of the strength 
data, the cements were designated ac- 
cording to the types as reported by the 
manufacturers. However, all the ce- 
‘ments were considered together because 
some of the cements were made to meet 
the specification requirements of both 

types I and II. 

The 3, 7, and 28-day strengths of 
mortar specimens made of mortars A, 
B,C, and D are presented in Fig. 6. 
_ Most of the cements of both types I 
and II had strengths greatly in excess 
of their respective specification require- 
ments for air-entraining cements. For 
example, for mortar A, which has been 
criticized as having too much water for 
satisfactory placement, almost half of 
the Vinsol resin cements met the type 
Ia, 7-day tensile strength requirement 

prevailing at the time of these tests” 
in 3 days and three met the 28-day re- 
quirement in 3 days. Only one of these 
three was of very high fineness; the other 
two, although above average, had specific 

_ surface values of less than 2000 sq. cm. 
per g. by the turbidimeter method. At 
7 days, half of the cements had attained 
the type Ia 28-day strength requirement 
of the specification. At 28 days all 
cements met the specification require- 
ments and about one-third of the cements 


8 Reference is made to tensile strength Seago in 


n 
A.S.T.M. Specifications C 175-42 at, E AC 150, and 
Federal Specification SS - C - 191b 
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had a tensile strength of 100 psi. or more 
above that required for type Ia in the 
specification. 

The tensile strength of the mortar B 
specimens was greater than that of the 
mortar A specimens made of the same 
cement for those cases where less water 
was used for the corresponding mortar 
B. With some cements, a slight decrease 
in water caused a greater increase in 
strength than did a larger decrease in 
water with other cements (see Table I), 

Specimens made of the C mortars of 
the various cements had 3-day com- 
pressive strengths above the specification 
requirements. Most of the cements 
had compressive strengths at all ages 


TABLE II.—STRENGTHS OF THE MORTARS- 
GRAND AVERAGES FOR ALL CEMENTS 
AND OF INDIVIDUAL CEMENTS 
FROM THE AVERAGES. 


| Mortar A | Mortar B  MortarC | Mortar D 
. | 
- - | ons - 
Days - | >| -|e2) 
| SE! SE! BI SE) & 
§ $s 
| &§ | 5 
3 280 | 14 | 315} 12 1360 21 | 1550) 20 
a 355 11 | 390 10 | 2190} 22 | 2440) 22 
Beveses | 435 9 | 465 7 | 3650) 18 | 3990) 18 


far above those required by the specifica- 
tions. 

The relative strengths of the mortars 
C and D are of interest inasmuch as they 
represent the strengths of the cements 
as tested by the former and by the re- 
vised Tentative Specifications C 175". 

In practically all cases the specimens 
made of mortar D had greater compres- 
sive strengths at all ages than the respec- 
tive mortar C made of the same cements, 
and in no case was the strength of the 
mortar D less than that of the corre- 
sponding mortar C. As was the case 
with the tension tests, the relation be- 
tween the increase in compressive 
strength and the decrease in amount of 
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mixing water was not the same for all 
cements. The difference between the 
7-day compressive strengths of the 
mortars C and D of the respective 
cements ranged from 40 to 770 psi., but 
it may be noted that the compressive 
strengths of the D mortars of the dif- 
ferent Vinsol resin cements ranged from 
1400 to 5330 psi. 

An analysis of the distribution or 
scatter of the strength data in Table I 
is presented in Table II. The strengths 
of all of the cements (except No. 35) were 
averaged for each test age for each of the 
mortars A,B,C, and D. The variations 
of the strengths of the different cements 
from the grand averages were deter- 
mined by calculating the coefficient of 
variation (4). The coefficient of varia- 
tion as used in this study has no relation 
to the reproducibility of results of tests 
of any one of the mortars of any one 
cement but concerns the strengths found 
for the different cements. A small co- 
efficient of variation indicates that there 
was little difference in the strength of 
the different cements; conversely, a 
large coefficient of variation indicates 
large differences strengths of 
the different cements. The average 
strengths and the coefficients of variation 
are presented in Table IT. 

It may be noted from this table that 
the coefficients of variation of com- 
pressive strengths (mortars C and D) 
of the different cements were about twice 
as great’as the coefficients of variation 
of the tensile strengths (mortars A and 
B) of the different cements, or, in other 
words, the dispersion in strength of the 
different cements was twice as great when 
determined by the compression test as 
when determined by the tension test. 
The percentage dispersion decreased 
with age in mortars A and B, whereas no 
significant trend with age was noted for 
mortars C and D. Mortar B, designed 
for constant flow, had a slightly smaller 
percentage dispersion for the different 
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Mortars C and D although gaged with 
different amounts of mixing water had 
approximately the same strength dis- 


persion at all ages. 


In Table III are presented the calcu-. 
lated air contents of the various th the 


cements than mortar A at all = 


Entrained Air: 


mortars, and concrete together with the 
water-cement ratios of the 1:4 mortar 
and of the concrete. 

Pastes——In general, there was little 
difference in the air contents of the L- 
pastes made of the different cements. 
Seven out of nine of the pastes made of 
cements without Vinsol resin together | 
with nine Vinsol resin cements had air — 
contents of less than 1 per cent. Forty 
seven of the Vinsol resin cements had air — 
contents of between 1 and 3 per cent and 
eight of the Vinsol resin cements had air 
contents above 3 per cent. 

The majority of the H pastes made of 
Vinsol resin cements had from one third 
to approximately the same percentage of 
air as the concrete made from the 
corresponding cements. A number of 
these cement pastes had bulk-specific- 
gravity values slightly greater than the 
theoretical, resulting in calculated air 
contents less than zero. 

Mortars A and B.—The relations of 
the air contents of mortars A and B to 
the air content of the concrete made of 
the same cements are presented in Figs. 
7 and 8. 

It may be noted from these figures 
that although there is a general trend of 
increase in air content of the concrete 
with increase in air content of mortars 
A and B made of the respective cements, 
the scattering is very great. The A 
mortars made of the cements not con- 
taining Vinsol resin had air contents of 
from 9.5 to 12.5 per cent, whereas those 
made of Vinsol resin cements had air 
contents of 9 to 17 per cent with most 
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TABLE III.—AIR CONTENTS OF PASTES, MORTARS, AND CONCRETE. 


Air Content, per cent 


| Mortar 
| A 


ace 


OS 


win 


or 


we 


WN 


— 
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14.9 
15.3 
15.3 
14.4 
13.4 


14.8 
16.0 


12.0 
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wwte tr ve 


Cnr 


Uw 
ee 


Water Cement 
Ratio by Weig 


Mortar | Mortar} Mortar | Mortar Mortar! Con- | Mortar Cor 
B D | crete 
| 14.0 14.2 9 0.60 | 0.53 
13.3 | 12.6 14.0 10.4 7.5 8. 0.60 0.51 
15.0 | 13.7 | 14.1 14.3 7.7 8. 0.64 | 0.55 
12.6 11.8 12.3 19.9 5.4 6. 0.64 0.53 
13.0 | 10.3 | 11.3 | 915 5.0 | 0.72 | 0.34 
14.2 16.2 15.2 12.6 2 13. 0.58 | 0.50 
14.2 14.9 15.8 10.7 a 14. 0.56 | 9.52 
13.6 11.5 12.9 10.7 5 % 0.68 0.52 
12.0 9.6 10.1 9.3 0 5. 0.72 0.52 
11.7 10.2 11.2 7.8 a 4. 0.76 | 0.5 
13.5 12.6 13.8 11.8 7.1 8.4 0.64 0.52 
12.2 11.8 12.7 9.9 x 7.5 0.68 | 0.51 
a4 | 3A 11.8 6.0 J 4.1 0.72 0.54 
13.2 11.5 11.8 7.0 3.1 5.8 0.68 0 
12.7 | 14.9 11.7 9.2 4 5.3 0.72 | 0.51 
13.0 10.8 12.1 7.6 a 5.7 0.70 | 0.53 
12.3 9.9 10.2 6.0 9 3.9 0.70 | 0.53 
12.7 12.4 12.5 9.2 is 8.0 0.72 0.54 
12.2 11.2 11.8 9.8 7 7.5 0.76 | 0.54 
13.0 10.5 11.1 7.3 4 6.3 | 0.68 | 0.51 
13.3 11.9 12.7 10.0 8 5.3 0.66 | 0.52 
12.9 11.5 12.7 5.2 6 6.2 0.66 | 0.56 
| 13.6 8.2 .4 7.1 0.70 0.51 
11.3 11.2 12.0 7.0 2 3.4 0.72 0.51 
11.0 11.0 12.1 4.9 .0 5.4 0.68 0.30 
2.0 12.2 13.4 6.5 2 6.7 0.66 | 0.50 
2.2 9.9 10.9 5.7 J 2.8 0.70 | 0.51 
3.5 10.5 11.6 6.5 9 3.2 0.70 | 0.51 
$.4 12.2 13.1 6.5 5 5.2 0.70 | 0.50 
1.7 12.8 14.0 6.0 3 8.5 0.64 © 0.50 

| 

14.8 as | tes 5.7 9 5.2 | 0.68 | 0.53 
14.0 12.0 | 12.3 6.0 3 4.2 0.68 | 0.54 
12.4 9.8 10.5 4.4 * 5.2 0.74 | 0.54 
15.6 12.6 14.8 6.5 4 8.3 0.64 | 0.53 
9.8 7.4 8.8 4.6 8 1.5 0.80 | 0.59 
14.9 12.8 12.8 7.9 4 4.7 0.64 0.53 
15.8 12.6 14.4 8.4 9 9, 0.64 | 0.53 
12.7 11.0 12.7 3.8 8 4. 0.64 | 0.53 
13.4 9.4 10.9 5.3 0.70 0 
14.2 | 10.8 11.8 6.0 8 3. 0.68 | 0.53 
11.2 10.5 11.9 6.0 2.4 4.4 0.70 0,53 
13.1 12.5 12.9 7.6 i 6.8 0.66 0.53 
14.3 12.0 12.7 8.3 3.7 4.8 0.68 0 
14.0 11.9 12.9 6.8 0 5.2 | 0.68 0.53 
13.1 11.8 12.3 7.6 8 2.9 0.68 | 0.54 
3.9 11.3 11.9 6.8 0 3.5 0.70 | 0.54 
3.0 10.1 10.8 7.1 .0 4.0 072 | 0 
2.6 9.1 10.6 5.8 el 3,2 0.76 | 0.54 
2.2 8.1 9.5 3.7 8 2.4 0.72 | 0 
4.1 11.0 12.1 9.2 2 4.1 0.70 | 0.54 
15.5 9.8 11.4 5.7 a) 3.2 0.70 | 0.54 
14.3 10.8 12.4 7.3 6 3.6 0.68 | 0 
14.4 11.5 12.1 73 5 58 0.68 | 0.54 
16.4 13.1 14.5 11.2 | 8.7 0.62 
13.8 11.1 11.8 4.6 e 2.9 0.68 | 0.54 
13.6 10.0 10.8 4.5 3 3.2 0.72 | 0.53 
15.1 13.0 14.9 7.5 2.3 8.4 0.62 | 0.51 
14.6 13.9 15.7 10.2 ¥" 10.5 0.56 | 0.53 
15.6 12.8 15.0 7.8 5.8 7.2 0.66 0.51 
16.7 | 12.1 15.1 9.1 .0 9.3 i 0.52 
13.1 10.7 11.4 6.0 5 Pe 
14.2 11.7 12.4 6.8 6 6.3 
12.3 10.5 10.9 6.2 .0 4.5 
11.6 11.0 | 12.0 6.6 | 27 
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Paste | } 
H | 
No 
No 
No 
No 
No 
No 
No 
No 
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7 
TABLE IlI—Continued. 
Water Cement 
Air Content, per cent Ratio by Weight | 
Cement 
Paste | Paste | Mortar | Mortar | Mortar | Mortar | Mortar | Mortar | Con- Mortar Con- 
H L B Cc D E |; F crete F crete 
—0.5 0.7 10.7 i 8.8 2.1 22 0.80 0.55 
—0.4 0.5 11.2 11.2 | 8.3 9.2 4.1 1.1 0.80 0.56 
0.3 1.9 11.1 11.1 6.8 7.8 5.8 | 0.76 0.56 
—0.3 0.4 11.4 11.4 8.1 8.8 3.6 4.9 1.3 0.80 0.55 
0.4 0.8 12.6 12.6 9.8 | 9.8 5.8 5.4 1.0 0.80 | 0.56 
 "PEReReEe 0.4 2.4 | 11.0 | 11.0] 7.9 | 9.0 5.2 6.0 1.3 | 0.76 | 0.58 
—0.5 0.4 11.4 11.4 6.9 | 3.9 2.3 1.1 0.82 0.55 
ON: Beant —0.2 0.9 9.5 9.5 5.4 6.8 | 2.1 4.0 ye 0.76 0.58 
—0.5 0.1 11.5 11.5 8.2 24% 6.4 1.4 0.80 | 0.55 
18 
| | | 
° 
4 A 
8 
8 6 
6 — x © Vinso/ Resin Cement 
© Vinsel Resin Cement x Ustreated Cement 
4 x Untreated Cement 4 
T 
0 | 0 


i 
02 4 6 8 & 
Percentage of ait, corcrefe 

Fic. 7.—Relation of the Percentage of Air in 
the 1:3 Tension Test Mortar of Normal Con- Cer Pe Air 
sistency to the Percentage of Air in Concrete 


Made of the Respective Cements. crete Made of the Respective Cements. 
8 
| | | 16 t | 
% “de le | | ole | 
| orp, © Ao 2 44 
+ § / 4 if i 
9 | | | ° 
| | } 
S g 8 
x Untreated Cement 6 
6 | | © Vinso/ Resirs Cernent 
| «x Untreated Cement 
4 4 
0 
024 6 8 0 & 02 4 6 8 te 


Percentage of arr, corcrefe Percentage of air, concrefe 


Fic. 10.—Relation of the Percentage of Air in 
the 1:2.75 Plastic Mortar of 100 to 115 Flow 
to the Percentage of Air in Concrete Made of 
the Respective Cements. 


Fic, 8.—Relation of the Percentage of Air in 
the 1:3 Tension Test Mortar of 65 to 75 Per 
Cent Flow to the Percentage of Air in Concrete 
Made of the Respective Cements. 
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of the Vinsol resin mortars having air 
contents of 12 to 15 per cent. 

It may be noted from Tables I and IIT 
that of the 49 cements requiring different 
amounts of water in the respective A and 
B mortars, 42 had less air in the drier of 
the two mortars and 7 had more air in 
the drier mix. 

Mortars C and D.—The relations of the 
air contents of mortars C and D to the 
air contents of the concrete made of the 
respective cements are presented in 
Figs. 9 and 10. ‘The trend of increase in 
air contents of mortars C and D with 


increase in air content of the concrete > 


24 
is more pronounced than was found with | © | 0 
22 
\ 
> © p° Go ° 
As ° ° 4 12 Bo 
© Vinsol Resin Cement © Vinsol Resin Cement 
x x Untreated Cement? x Untreated Cement 
x 
| = | 
0246 68 0 
Percentage of ai; corcrefe 2b 
Fic. 11 —Relation of the Percentage of Air 0 


in the Wet 1:3 Mortar to the Percentage of 
Air in Concrete Made of the Respective Cements. 


mortars A and B. The dispersion or 
scattering of the values of the various 
cements is believed too great for use of 
these mortars for performance tests. 
In mortar D, for example, values of 12 to 
13 per cent of air in the mortar were ob- 
tained on cements whose concretes had 
air contents ranging from 2.5 to 8 per cent. 
It may be noted in Table III that the 
drier mortar D generally had more 
entrained air than the corresponding 
mortar C. This is opposite to what was 
found with the 1:3 mortars where the 
drier of the two mixes usually had the 
lesser entrained air. The majority of 
the plastic mortars C and D had less air 
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than the 1:3 mortars of normal consis- 
tency (mortar A). 

Mortar E——The percentage of air as 
determined in the wet 1:3 mortar test 
plotted against the percentage of air in 
the concrete is presented in Fig. 11. 

The spread of results obtained with 
the different cements may be exemplified 
by the following: Cements having 8 to 9 
per cent air in the concrete had air con- 
tents of 6 to 14 per cent in mortar E, 
while on the other hand, cements having 
7 to 8 per cent air in mortar E had air 
contents of 3 to 8 per cent in the con- 


0 z 4 6 8 jo 
Percentage of air, concrefe 


Fic. 12.—Relation of the Percentage of Air in 
the 1:4 Acceptance Test Mortar to the Per- 
centage of Air in Concrete Made of the Respec- 
tive Cements. 


crete. It may also be noted in Table III 
that the wet 1:3 mortar had less en- 
trained air than the relatively dry 1:3 
mortars used for the tension test speci- 
mens. 

Mortar F.—The relation of the air 
content of the 1:4 mortars to the air 
content of concrete made of the respec- 
tive cements is presented in Fig. 12. 

From this figure it is evident that the 
ratio of the air content of the 1:4 mor- 
tars to that entrained in concrete is not 
the same for different cements. For ex- 
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ample, cements whose concrete had 4 per 
cent air, had air contents in the respec- 
tive 1:4 mortars ranging from 9 to 16 
percent. Similarly, 3 to 7.5 per cent of 
air was entrained in concretes made of 
the cements whose 1:4 mortars entrained 
14 per cent of air. 

Wuerpel and Weiner (5) indicated a 
ratio of about three to one between the 
air in the 1:4 mortar and that in the con- 
crete. In the series of tests on the 64 
Vinsol resin cements reported in this 
study, the ratio varied from 1.5 to 4.9. 
A different type of mixer was used for 
the concrete and the proportions used 


TABLE IV.—REPRODUCIBILITY OF VOLUME 
WEIGHT DETERMINATIONS. 


Percentage of Duplicate Batches 
Having Difference in Cup 
Weights as Indicated 


1g. | 2g. | 3g. | | 
or less|or less) or less| or 
| 

NE SE 36 53 75 86 93 
See 19 41 58 73 86 
44 66 77 88 95 
33 68 82 92 96 
4 ee 31 58 81 86 97 

44 74 84 90 96 
75 92 95 97 97 
ae 69 86 93 96 99 


may not have been the same as used by 
Wuerpel and Weiner. 

Only one determination of weight-per- 
cubic-foot of concrete was made for each 
of the cements, except that 7 determina- 
tions were made on one cement. The 
percentage air content of the concrete 
made of this cement ranged from 8.5 to 
9.3, with an average of 8.9 per cent. 
The probable limit of uncertainty was 
+0.24 (P, = 0.9, 7 observations) (6). 
It, therefore, appears that the variance in 
the concrete weight-per-cubic-foot de- 
terminations was not sufficiently great to 
cause the scattering noted in Fig. 12. 
A number of determinations were made 
of the air content of the 1:4 mortars in 
which a 500-ml. cup was filled by the 


method required by Method C185. T ral 
air content values checked reasonably 
well (see Table V) with those determined 
with the smaller cup, indicating that’ 


these differences in ratio of air content in 


concrete and mortar actually exist and 
are not entirely a function of size of 
measuring cup or method of placement 
of the 1:4 mortar. 

The current limits of 10 to 18 per cent 
of air in the 1:4 mortar of the Tentative 
Specifications C 175 T -44 were not met 


TABLE V.—SUPPLEMENTAL TESTS OF AIR CON- 
TENTS AND FLOWS OF 1:4 MORTARS AS 
DETERMINED BY DIFFERENT 
METHODS. 


Air Content, per cent | Flow 
210-ml. Burmister| 
Cup Trough, 
(vibrated) in. | 
|10-in. 
Cement 206- | 500- FA | Flow 
| Cup| Cup] | per, 
= - 
& a 
= |S 
n n 
We 23.2) 23.0) 22.3 | 22.5 | 2.7| 2.7] 88 
23.1) 23.2) 22.7 | 23.1] 2.7| 
13.7| 15.2} 14.8 | 14.8 | 2.9] 2.8 | 
No. 17....... 11.4] 11.0 | 10.2} 2.5 | 2.4 102 
No. 19....... 11.5 11.8) 16.61 
10.2) 10.6) 10.5 | 9.9 | 2.8| 2.6! 102 
No. 49....... 8.4] 2.8] 2.6| 102 
We. 14.6] 13.9} 13.0 | 13.5 | 2.7 | 2.7} 104. 
No. 53 .| 14.5] 14.7] 14.0 | 14.3 | 2.8 | 2.8| 97 
19.1) 20.2) 18.9 | 19.2 | 2.6] 2.7| 97 
22.1) 21.3] 20.2 | 20.1 | 2.8/2.5} 
No. 60....... 17.0) 17.9) 16.8 | 16.5 | 2.9 | 2.8| 107, 
10.5} 11.5) 9.8] 9.7 | 2.4 2.4 
Ne, 11.0) 11.1) 10.6 | 10.5 | 2.4 | 2.6, 105° 


Ten }-in. drops. 


by three Vinsol resin cements whose con- 
crete had 3 to 5 per cent air, but they 
were met by twelve with air contents of 
concrete greater than 7 per cent and by 
seven with air contents greater than 8 
per cent. 

Reproducibility of Entrained Air Values 
of Mortars and Pastes.—An analysis was 
made of the difference in volume weights 
of the first two of the batches prepared of 
each of the various mortars of each of the 
cements. The results are tabulated in 
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Table IV. With the size cup used in this 
investigation, a difference in volume 
weights of 1 g. corresponds approxi- 
mately with a +0.1 range in percentage 
air of the pairs of mortars. It may be 
noted that with the 1:4 mortar, about 
three quarters of the duplicate batches 
had a range of air contents of +0.2 per 
cent or less. (The proposed specifica- 
tions allow a +1.0 per cent range in air 
contents of the duplicate mortars.) Of 
the types of mortars tested, the air 
contents of duplicate batches of the 1:3 
mortar of 65 to 75 per cent flow were 
least reproducible and the duplicability 
of air contents of the pairs of the 1:4 
mortars was as good as, or better than, 
was found with the other mortars tested. 

In the supplemental series of tests on 

- 15 of the cements reported in Table V, 

volume-weight determinations were 


by three different methods on each 
of the 1:4 mortar batches. There was 
very little choice as to reproducibility of 


duplicate determinations in the three 
methods of determining the volume- 
weight relation. The 210-ml. cup 
method with vibration indicated slightly 
higher air contents than did the 500-ml. 
cup method. The air contents as deter- 
mined by the vibrated 210-ml. cup 
method were in fair agreement with the 
values determined by the same method 
one to four months previously. A dif- 
- ferent sized batch was used in the later 
tests and the aging of the cement may 
also have been a factor. The Burmister 
trough flow values were in agreement 
with previously determined values. 
Pg flow measurements made on these 
15 cements indicated that flows of 2.4 
to 2.9 with the Burmister apparatus 
corresponded roughly to flows of 100 + 
? 10 on the standard 10-in. flow table when 
using ten 3-in drops. It appears, there- 
fore, that the standard 10-in. flow table 
could be used in determining the water 
requirement of the 1:4 mortar. 


DISCUSSION 


A wide range of values of fineness, 
water requirements, flows, strength, and 
amount of Vinsol resin was obtained on 
the 64 Vinsol resin cements tested. The 
type of frequency distribution obtained 
for the various properties indicates the 
randomness of the sampling and ade- 
quacy of number of samples tested. 

The tests here reported furnish in- 
formation supporting some of the recent 
changes in the methods of test and 
specification requirements of Vinsol resin 
cements. These tests indicate that the 
use of the water requirements of the neat 
pastes of Vinsol resin cements to deter- 


mine the amount of water for the 1:3 
tensile strength mortar results in mortars 
which are usually too wet for satisfactory 
placement. If the tensile strength test, 
required by Federal Specification SS- 
C-191b and the recently rescinded Emer- 
gency Alternate Specifications (EA C 150) 
is used by the purchaser of the Vinsol 
resin cement, there is a definite need to 
change the specifications to require that 
the test specimens be made of mortars of 
about the same placeability as is attained 
by the untreated cements. Approxi- 
mately three fourths of the Vinsol resin 
cements required less water by this 
method of proportioning the mortars for 
tensile strength tests than is required by 
the present specifications. For those 
cements where less water was required 
by the mortar of the 70 + 5 flow range, 
there was a higher tensile strength for 
the drier of the two mixes. 

The 1:2.75 plastic mortars of all of the 
Vinsol resin cements required less water 
when prepared according to the current 
Method C 109 — 44 where flow of 100 to 
115 is specified than when prepared ac- 
cording to the previous A.S.T.M. Tenta- 
tive Method C 109 — 43 T where a water 
cement ratio of 0.53 was specified. The 
resulting compressive strength values at 
the various ages were found to be ap- 
preciably greater in nearly every case. 
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The plastic mortar compressive 
strength test was proposed as a test 
method for cement by Committee C-1 in 
1934 (7) because of the conclusions that 
this test is (1) less erratic, and (2) more 
indicative of the concrete strength than 
is the tensile strength test. The per- 
centage dispersion in tensile strength 
values of the 64 different Vinsol resin 
cements is much less than the percentage 
dispersion in compressive strength values. 
The tension test was deleted from the 
requirements of Specifications C 175 in 
the recent revision of that specification. 

In all of the graphs of the relation of 
the air contents of the various mortars to 
the air content of concrete, a considerable 
amount of scattering may be observed. 
It has been shown by Kennedy (3) that 
the air entrainment may be affected by 
the gradation of the fine aggregate. 
Because of this, a mortar test could 
hardly be expected to indicate air con- 
tents of all possible concrete mixes. In 
other words, the fact that a cement has 
a satisfactory air content in the 1:4 
test mortar does not necessarily guaran- 
tee an acceptable air content in a con- 
crete made of this cement. It appears 
that even with the use of an acceptance 
test mortar, careful field tests and field 
mix adjustments will be necessary if the 
air content of the concrete is to be con- 
trolled within narrow limits. 

For the different cements, the 1:2.75 
plastic mortars of 100 to 115 flow had 
from 1 to 10 times as much entrained air 
as the concrete and the difference in 
ratios of the amount of air entrained in 
the 1:3 tension test mortars to that in 
concrete was even greater. Moreover, 
the lack of constant relation between air 
contents of test mortars and concrete as 
shown in these tests may be one of the 
contributing reasons for differences in 
ratios of strength of mortar test speci- 
mens and strengths of concretes of any 
one proportion. It has been found from 
actual experience that the air contents of 
the various test mortars vary somewhat 
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with different mixing procedures used by 
different operators. Difference in the 
air contents of test mortars is undoubt- 
edly a factor contributing to the dif- 
ferences in strength results obtained 
from day to day by the same or by dif- 
ferent operators. There appears, there- 
fore, to be a definite need for a mechani- 
cal mixing device. 

The 1:4 mortar had the greatest 
range in air content and was as satis- 
factory as any other mortar with respect 
to reproducibility and relation of air 
content to the air content of concrete. 
Since a wide range is a desirable feature 
of a performance test, the 1:4 mortar 
appears more appropriate for this pur- 
pose than other mortars or pastes tested 
in this investigation. This 1:4 mortar 
is the same as that required by the pres- 
ent Tentative Specifications for Air-En- 
training Cement (C 175 - 44 T).”” 

The bulk-specific-gravity determined 
by use of the 210-ml. cup appeared satis- 
factory from the standpoint of repro- 
ducibility, but the calculated air content 
values were not identical with those ob- 
tained by use of the 500-ml. cup. There 
is a necessity, therefore, for using the 
specified size cup and method of filling 
the cup if results in various laboratories 
are to agree. 

The tests indicated that a flow table, 
which is usually found in most cement 
testing laboratories, was suitable for 
measuring the consistency of the 1:4 
mortar. 


SUMMARY OF RESULTS 7 


The chloroform-soluble material of the 
commercial Vinsol resin cements ranged 
from 0.007 to 0.123 per cent with the 
majority of the cements having from 
0.025 to 0.045 per cent chloroform-solu- 
ble material. The amount of Vinsol 
resin determined by the methoxyl 
method on 13 of the cements was usually 
slightly lower than that determined by 
the chloroform-soluble method. __ 
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Turbidimeter tests indicated fineness 
values of the cements ranging from 1520 
to 2420 sq. cm. per g. The ratio of air- 
permeability to turbidimeter fineness 
values ranged from 1.6 to 2.1. 

The Vinsol resin cement neat pastes 
of “normal consistency” were generally 
more workable and stickier than the neat 
cement pastes of the untreated cements. 

The 1 to 3 tension test mortars had 
flows ranging from 57 to 128 per cent 
for the different Vinsol resin cements 
when the percentage of water was based 
on that required by the neat cement 
pastes of normal consistency. The 1: 
2.75 plastic mortars had flows ranging 
from 120 to more than 150 per cent when 
using a constant water-cement ratio of 
0.53. 

The 7-day tensile strengths of the 1:3 
mortars of normal consistency ranged 
from 250 to 530 psi., whereas the 1:3 
mortars of 65 to 75 per cent flow had 
strengths ranging from 290 to 495 psi. 

The 7-day compressive strength of the 
—1:2.75 plastic mortars of 0.53 water- 
cement ratio ranged from 1190 to 4620 
psi., whereas the 7-day compressive 
strength of the 1:2.75 plastic mortars of 
100 to 115 per cent flow ranged from 
1400 to 5330 psi. 

The compression test indicated a much 
P greater difference in the relative strengths 
4 


of the different cements than did the 
tension test. 

The air contents of the neat pastes of 
water-cement ratio of 0.50 were not 


(1) Studies of the Air Permeability Method for 
Determining Specific Surface, Laboratory 
Report No. Ce34, Bureau of Reclamation, 
Denver, Colo. 

(2) Report on Air-Permeability Method for 
Determining Fineness of Cement, ASTM 
BuLLeETIN, No. 118, October, 1942, p. 31. 

_ (3) Henry L. Kennedy, “Entrained Air—Its 

Effect on the Constituents of Portland 

Cement Concrete,” Proceedings, Am. Soc. 

Testing Mats., Vol. 44, p. 821 (1944). 


BLaIne, YATES, AND DWYER 


indicative of the air contents of concrete, 

The air contents of the 1:3 tension test 
mortars of the Vinsol resin cements 
ranged from 9 to 17 per cent, whereas the 
1:2.75 plastic mortars had a range of air 
contents of from 7.5 to 16.5 per cent. 
Using less water generally resulted in a 
lower air content in the 1:3 (20-30 sand) 
mortar and a higher air content in the 
1:2.75 graded sand mortar. The 1:2.75 
mortars were more indicative of the air 
content of the concrete than the 1:3 
mortars. 

The 1:4 mortars, as specified by Method 
C185-44T for test of air-entraining 
cements, had air contents of from 6 to 
23 per cent for the Vinsol resin cements 
and from 2 to 6.5 per cent for the un- 
treated cements. 

Concrete proportioned 1:2.2:3.3 with 
a 3 + 1 in. slump had air contents rang- 
ing from 1.5 to almost 15 per cent 
for the Vinsol resin cements and from 1 
to 1.5 per cent for the untreated cements. 

The ratio of the air content of the 1:4 
mortar to the air content of the concrete 
ranged from 1.5 to 4.9. 
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Mr. CHAR es E. WUERPEL! (by letter). 
—The authors have made a welcome and 
valuable addition to the literature on 
cements containing air-entraining admix- 
tures. Their extensive studies of the air 
content of mortars, using Tentative 
Method of Test for Air Content of Port- 
land-Cement Mortar (A.S.T.M. Designa- 
tion C 185)*, and their studies of the ratio 
of the air content of mortar, so deter- 
mined, to the air content of concrete, are 
particularly welcome to this writer since 
they parallel work done in this laboratory. 
The range in air contents of mortar (6 
to 23 per cent) and the range in air con- 
tents of concrete (1.5 to 15 per cent) 
found by the authors confirm the conclu- 
sions reached at this laboratory regarding 
the erratic and often unpredictable 
behavior with respect to air entrainment 
of certain cements containing inter- 
ground flake (unneutralized) Vinsol resin. 
It is regretted that the authors’ studies 
included no cements containing neu- 
tralized Vinsol resin since: (a) The 
greater part of the data upon which 
Tentative Method C 185 was based* and 
ill of the data regarding the ratio of air 
content of mortar to air content of con- 
crete given in a paper‘ by the writer and 
Mr. Weiner were derived from tests of 
cements containing neutralized Vinsol 
resin; and (b) It has been found that the 


_ 1 Engineer-in-Charge, Central Concrete Laboratory, 
Corps of Engineers, U. S. Army, Mount Vernon, N. Y. 
21944 Book of A.S.T.M. Standards, Part II, p. 1227. 
* Charles E. Wuerpel, ‘‘Report on Cooperative Studies 
of Proposed Method of Test for Air Content of Portland- 
Cement Mortar,’’ Appendix I to Report of Committee C-1, 
Proceedings, Am. Soc. Testing Mats., Vol. 44, p. 306 (1944). 
_ *Charles E. Wuerpel on Albert Weiner, ‘“The Reac- 
ion of Vinsol Resin as it Affects the Air Entrainment of 
Portland-Cement Concrete,” ASTM BuLLetin, No. 130, 
Jctober 1944, p. 41. 


«DISCUSSION 


air content of concrete made with cement 
containing neutralized Vinsol resin is 
much less erratic than that of concrete 
containing flake (unneutralized) Vinsol 
resin. The authors compare the ratio 
of “about three to one” based on the 
values in the paper‘ by the writer and 
Mr. Weiner with those obtained in their 
tests which ranged from 1.5 to 4.9. 
It is noted that the concrete reported 
on by the authors was made with 1-in. 
gravel while that reported on in the 
paper’ by the writer and Mr. Weiner 
was made with ?-in. gravel and also with 
?-in. crushed stone. The test data pre- 
sented graphically in the paper‘ are tabu- 
lated more completely in Table III of 
the report. For gravel concrete, five 
cements with flake Vinsol resin showed 
an average ratio of air-in-mortar to air- 
in-concrete of 2.8 but a range of from 
2.3 to 3.5 while ten cements with neutral- 
ized Vinsol resin showed an average ratio 
of 3.1 and a range of only 2.8 to 3.4. 
Similarly, for crushed-stone concrete, the 
five cements with flake Vinso! resin 
showed an average ratio of 2.4 with a 
range of from 1.7 to 2.8, while the ten 
cements with neutralized Vinsol resin, 
which also showed an average ratio of 
2.4, had a range of but 2.2 to 2.9. By 
including the ratios for the plain cements, 
averages of 3.0 for gravel and 2.3 for 
crushed stone were derived. 

Additional laboratory tests on con- 
crete mixtures containing neutralized 
Vinsol resin added to the batch at the 
mixer and made with 13-in. crushed stone 
gave average ratios with three different 
cement factors as follows: 
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Ratio of Air Content of Mortar 
to Air Content of Concrete 


2.46 


4.5 
5.25 2.95 
6.0 2.95 


Field experience on two large projects, 
referred to briefly in the closure to the 
paper by the writer and Mr. Weiner, 
on which cement containing interground 
neutralized Vinsol resin was used with 
2-in. crushed coarse aggregates gave 
values for air content of concrete, air 
content of mortar and ratios as follows: 


Cement Factor, 
bags per cu. yd. 


Air Content, per cent 
gos 
| eee 
Mortar Concrete 
Soe 
1 § | 16.0) 13.2] 15.2} 6 | 3.4) 2.5} 2.9] 5.2 
1 6 16.4, 13.0 15.4 6 | 4.5) 3.9 4.0! 3.9 
1 6 17.0) 13.2, 15.9| 8 | 4.9)' 4.5 | 4.7 3.4 
1 18.5) 14.5) 17.6 5 5.3| 4.9 | 5.1 3.5 
7 18.6 18.1 18.3 7 4.8) 3.4 4.3 4.25 
2 12 | 21.5) 16.3' 18.4) 12 | 4.9) 3.4 | 4.2) 4.3 
| | Average 4.2 


It is thus evident that cements con- 
taining neutralized Vinsol resin are not 
subject to the same degree of unpredict- 
ability of air entrainment as cements 
containing flake Vinsol resin. It is 
nevertheless true that the factors of size 
and shape of aggregates, type and dura- 
tion of mixing, cement and water content 
of the mixture, as well as type and 
amount of the air-entraining admixture 
limit the extent to which the air content 
of the concrete may be predicted from 
determinations of the air content of the 
Tentative Method C 185 mortar. With 
a greater knowledge of the effect of these 
influences and with a greater number of 
air-entraining admixtures being proposed 
for use in concrete, the conclusion ap- 
pears to be indicated that the close regu- 
lation of the amount of air to be en- 
trained in a concrete mixture can be 

_ accomplished most practically by addi- 
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tion and adjustment, at the mixer, of the 
quantity of admixture used. 

The authors’ conclusion that the 10-in. 
flow table is suitable for measuring the 
water demand of the mortar required in 
Tentative Method C 185 is not supported 
by studies made in this laboratory. The 
authors state that “flows of 2.4 to 2.9 
with the Burmister apparatus corre- 
sponded roughly to flows of 100 + 10 
on the standard 10-in. flow table... 
therefore the standard 10-in. flow table 
could be used....” A “rough” corre- 
spondence does exist, but a significant 
correlation between the data obtained 
using the two types of apparatus is not 
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AVERAGE TROUGH FLOWS, IN. 


Fic. 1.—Relation of Trough-Flow and Table- 
Flow Data and Correlation of These Values 
Proposed by Blaine, Yates and Dwyer. 


Values from Table V ; solid line indicates authors’ proposed 
correlation. Cements Nos. 6 and 64 are mentioned in text. 


shown by the values given in the authors’ 
Table V. Cement No. 6 had a flow of 
2.7 in. in the trough and 88 per cent on 
the table, whereas cement No. 64 had a 
trough flow of 2.5 in. and a table flow of 
105 per cent. The average trough-flow 
and comparable table-flow data from 
Table V are plotted in the accompanying 
Fig. 1, and the correlation coefficient is 
found to be 0.48. In the absence of a 
significant correlation between the results 
obtained using the two types of appara- 
tus, this writer does not feel that the 
10-in. flow table may be used inter- 
changeably with the flow trough to 
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control the water content of the C 185 
mortar. 

Mr. Durr A. ABraAms? (by letter).—In 
1917 the writer first called attention to 
the fundamental importance of the 
water-cement ratio of mortar and con- 
crete mixes. At that time only strength 
and wear resistance had been studied. 
The intervening 28 years showed that 
most of the basic features of concrete are 
closely bound up with this function. 
Nearly every passing year adds another 
item to the long list of concrete properties 
that are identified with this ratio. In 
1944 the writer found® that the coefficient 
of variation of repeat compression tests 
of concrete was an inverse function of 
the strength, which for a given cement 
and age is dependent on the water- 
cement ratio. 

The authors of the paper under dis- 
cussion gave no attention to the water- 
cement ratios of the various mixes used 
in studying the air-entraining properties 
of Vinsol-resin portland cements. By 
their failure to suspect this relationship 
before the tests were made, much un- 
fruitful work was done; by failure to 
observe its significance after the tests 
were completed, they missed the only 
important features of their data and 
were thereby led to a number of incon- 
sequential conclusions, some of which 
are erroneous. Interpreting the data 
in terms of water-cement ratio leads to a 
number of clarifying and practical results 
and shows that many of the presently- 
held beliefs and practices with reference 
to the behavior of air-entraining cements 
are untenable. 


Effect of Water-Cement Ratio on Mortar 
Strength: 


The following are the only statements 

5 Consulting Engineer, New York, N Y 

*Duff A. Abrams’ discussion of paper by S. P. Wing, 
Walter H. Price, and Clemeunt T. Douglass, “Precision 
Indices for Compression Tests of Companion Concrete 
Cylinders,” Proceedings, Am. Soc. Testing Mats., Vol, 
44, p. 852 (1944). 


Lewis Institute, Chicago, Ill 
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in the paper on the water-cement ratio: 


“With some cements a slight decrease in 
water caused a greater increase in strength 
than did a larger decrease in water with other 
cements.” (page 744) 

“As was the case with tension tests, the 
relation between the increase in compressive 
strength and the decrease in mixing water 
was not the same for all cements.” (page 746) 


This seems to be a serious indictment 
of the validity of the water-cement ratio 
law announced by the writer 28 years | 


TABLE I.—EFFECT OF WATER-CEMENT 
RATIO ON MORTAR STRENGT 


Av jerages of 64 Vinsol-resin cements in Tables I and II. 


Ww ater- Mortar Strength, psi. 
Cement 


| Ratio 


Mortar 


0.412 315 390 465 

Ratio A/B........ | 1.05 | 0.89 | 0.91 | 0.93 
CoMPRESSION TESTS 

0.50 1550 2440 

1.06 0.88 0.90 0.92 


ago,’ and led to an examination of the 
data on which the conclusions were based. 
The accompanying Table I is a summary 
of data in the paper, using average values 
for 64 Vinsol-resin cements in Tables I 
and II. An average increase of 53 per 
cent in water-cement ratio resulted in an 
average decrease of 7} per cent in 28-day 
strength. Slightly higher decreases were 
found at 3 and 7 days. This is about 
the same decrease that has been shown 
by hundreds of series of tests made in all 
parts of the world during the past 30 
years. Minor departures from the gen- 
eral relationship were probably due to 
the fact that the tests in the paper were 

7 Duff A. Abrams, ‘Design of Concrete Mixtures,’ 


Bulletin 1, Structural gy Research Laboratory, 
1919), 


H. 
a | 
| 3 days | 7 days | 28 days 
TENSION Tests 
f 0.432 280 355 435 
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-Vinsol-resin 
cellent verification of the water-cement 
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insufficient in both number and scope 
to establish reliable factors for the water- 
cement ratio — strength relation for mor- 
tars made of the individual cements. 
With only two batches of mortar and a 
range of water-cement ratio of 5} per 
cent, it should not have been surprising 
that the tests would, in some instances 
be inconsistent. 

Conclusion 1.—A few cements showed 
irregularities in the water-cement ratio — 


strength relation, but the average of 64 


0.30 


in concrete. Mortars A, B, D, gave ett 
to 8 per cent of air for the untreated 
cements, and only 2 to 4 per cent more 
when Vinsol resin was present, hence 
these mixes are clearly not adapted to 
the tests of cements that are known to 
be air-entraining in concrete. Mortars 
C and E were tested in such a manner 
that it is impossible to interpret the data. 
Cement-water pastes H and L gave low 
and erratic values and frequently con- 
flicting results. This leaves mortar F 
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Water -Cement Ratio, by weight -x 


Fic. 2— 
cements furnished an ex- 


ratio law for mortars made of a new type 


of portland cement. 


Water-Cement Ratio the Key to Quantity 
of Air Entrained by Vinsol-Resin 
Cements: 

The tests of mortars A, B, C, D, E, 
and on pastes H and L, can be dismissed 
as having little significance as measures 


_ of the air-entraining value of a cement 


Relation Between Water-Cement Ratio and Entrained Air in 1:53 Concrete. 


concerning which the authors stated 


(p. 751): 


“The 1:4 mortar had the greatest range 
in air content and was as satisfactory as 
any other mortar with respect to reproduci- 
bility and relation of air content to the air 
content of concrete. Since a wide range isa 
desirable feature in a performance test, the 
1:4 mortar appears more appropriate for 
this purpose than other mortars or pastes 
tested in this investigation.” 
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The writer would go farther and say that 
mortar F was the only one of the mortars 
or pastes tested that was significant as a 
measure of the air-entraining properties 
of Vinsol-resin cements. The reasons 
for this conclusion will become apparent. 

The only studies reported by the 
authors (Figs. 7 to 12) showing the 
interrelation of air in mortars and con- 
crete overlooked entirely the most signifi- 
cant features of the data. 


0.30 
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in Figs. 7 to 12 of the paper, where the 
authors did not even attempt to draw 
curves. 

The accompanying Fig. 3 shows an 
arrangement of the data for 1:4 mortar 
F in a manner similar to Fig. 2. Here a 
very definite relation was found which © 
shows that in this mortar mix entrained 
air is an inverse function of the water- 
cement ratio. In Fig. 3 only three tests 


this figure duplicates the results rethe 
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Fic. 3.—Relation Between Water-Cement Ratio and Entrained Air in 1:4 Mortar]F. 


The accompanying Fig. 2 shows en- 
trained air of the 1:53 concrete plotted as 
a function of the water-cement ratio of 
the same mix. It is difficult to discover 
any pronounced relationship; if this 
diagram were plotted with a condensed 
scale of water-cement ratios, it would 
resemble a gunshot scatter. The exag- 
gerated scale of water-cement ratio used 
indicates a slight but unconvincing 
tendency for entrained air to decrease 
as water-cement ratio increases, as shown 
by the line. ‘The scattering of points in 


(43 per cent) departed more than + 15 
per cent from the curve; in Fig. 2, 44 
tests (65 per cent) fell outside the + 15 
per cent limits. The uniformity of the 
relation in Fig. 3 is a sharp contrast with 
the scattering in Fig. 2 and in Figs. 7 
to 12 of the paper. 

The straight lines in Figs. 2 and 3, can 
be expressed by equations of the form 
E=C — Dx, where E is entrained air, 
by volume, x is water-cement ratio, by 
weight, and C and D are constants. 
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The relations are given by: 


Concrete (Fig. 2)..E = 0.32 — 5 .. (1) 


Mortar F (Fig. 3)..E= 0.65 — ..(2) 


Conclusion 2.—-For 1:4 mortar F the 
water-cement ratio required to produce 
standard workability is the key to the 
quantity of air entrained by Vinsol-resin 
cement. 
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ratio of mortar F was plotted as abscissa 
and air content of concrete as ordinate, 
The curvilinear relation shown by this 
figure presents a new and significant 
feature of the behavior of Vinsol-resin 
cements. Much of the variability of the 
concrete in Fig. 2 is reflected in this 
diagram; however, the trend of the 
values is unmistakable. In view of the 
regularity of Fig. 3, it is obvious that the 
bulk of the deviations in Fig. 4 must be 
charged to concrete rather than to the 
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Conclusion 3.—With the data of the 
_ paper it is not necessary to determine 
the air content of 1:4 mortar. For 
routine tests of a cement that is known 
? contain Vinsol resin, all that is needed 
is the water-cement ratio required to 
produce standard workability; the air 
content can be read from Fig. 3, or com- 
puted from Eq. 2. 

_ The accompanying Fig. 4 shows the 
- most instructive and practical applica- 
tions of the data where water-cement 
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Fic. 4.—Relation Between Water-Cement Ratio of Mortar F and Entrained Air in 1:54 Concrete 


mortar. The reasons for the wide de- 
partures can be found in the variations 
in workability discussed below. 

The curve in Fig. 4 may be represented 
by an exponential equation of the form: 


GAP... 3 


where: E is entrained air in concrete, 
x (an exponent) is water-cement ratio ol 
mortar F, and G and #H are constants. 
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After determining the constants, Eq. 3 
becomes: 

It may be thought, at first sight, that 
this equation with a fractional exponent, 


is difficult to solve; but on the contrary, 
it is quite simple. Assume x 0.60: 


eo 


log E = log 6 — x log 1000, 


0.778 — 3x = 8.978, 


E = 0.095 or 9.5 per cent 


The solution of Eq. 4 may be stated in a 
short rule: 

From 0.78 subtract 3x; the remainder 
islog E. A little mental arithmetic and 
one slide-rule reading solve the equation 
for any water-cement ratio of mortar F. 

Conclusion 4.—The algebraic relation 
between water-cement ratio of mortar 
F and the air content of 1:53 concrete 
is similar to that found by the writer for 
the water-cement ratio-strength re- 
lation, which was expressed by the 


equation 
S = A/ B* 


here: S is compressive strength of con- 
crete at a given age, x (an exponent) is 
water-cement ratio, and A and B are 
constants.’ 

Two other important conclusions are 
drawn from Fig. 4. 

Conclusion 5.—The quantity of air en- 
trained in 1:53 concrete by a Vinsol- 
resin cement was more accurately pre- 
dicted by the water-cement ratio of 
mortar IF than by the water-cement ratio 
ot the concrete itself. 

Conclusion 6.—Knowing the water- 
cement ratio required by a Vinsol-resin 
cement to produce standard workability 
n mortar F, the amount of air in the 
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1:53 concrete can be read from Fig. 4, 
or computed from Eq. 4. 

It is probable that the straight line in 
Fig. 3 should have been an exponential 
curve, similar to Fig. 4, but the data 
do not justify plotting a curve. The 
straight line is somewhat more simple to 
use. Besides, this curve assumes a minor 
significance since we saw that its princi- 
pal field of usefulness has been usurped 
by Fig. 4. 

Conclusion 7.—This discussion em- 
phasizes the need for unusual care in the 
determination of water-cement ratio of 


TABLE II.—STUDY OF 18 IRREGULAR TESTS 
IN ACCOMPANYING FIGS. 2, 3, AND 4. 


Rating of Tests in 
Cement 
Fig. 2 Fig. 3 Fig. 4 

No. 3.. Very high | Regular Regular 
Se ee Very high | High Regular 
No. 7. Very high | High Regular . 
Low Very low Regular 
3 See High High Very high 
Sea High High Very high 

Very low Regular Low 

Very low Regular Regular 

Low High 

Regular Regular | 

High Regular | 

Low Regular 
No. 45.. | Low Regular 
No, 54.. Very high Regular 
No. 55. ow Regular 
Very high | Regular 
High Regular 
Very low Low Very low 


standard 1:4 mortar. It also suggests 
that this test should be substituted as a 
specification requirement, for the present 
test of quantity of entrained air. 


Study of 15 Irregular Tests: 


A special study was made of 18 tests 
that showed the greatest departures 
from the normal relationships between 
water-cement ratio and entrained air, 
in Figs. 2, 3, and 4. One phase of this 
study is shown in the accompanying 
Table II. It should be noted in the 
beginning that all of the 18 tests did not 
show irregularities in all diagrams. 
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There was little consistency in the tests 
that showed greatest irregularities. The 
largest number of irregularities occurred 
in Fig. 2, where water-cement ratio of 
1:54 concrete was plotted as abscissa and 
quantity of entrained air as ordinate. 
Fewest irregularities occurred in Fig. 3, 
where the water-cement ratio of 1:4 
mortar F was plotted as abscissa and 
entrained air as ordinate. All but 7 
tests in Fig. 3 were rated “regular” in 
Table II; that is, they conformed fairly 
to the trend of the curve. 


In Fig. 4, 
where water-cement ratio of 1:4 mortar _ 


F was plotted as abscissa and entrained 
air in 1:54 concrete as ordinate, all but 
ten of the tests were rated “regular.” 

It does not seem reasonable that the 
same cement should entrain a small 
quantity of air in concrete and a large 
amount in mortar, or vice versa. There 
were two cements (Nos. 18 and 19) that 
gave consistently high values of en- 
trained air for a given water-cement 
ratio; two cements (Nos. 27 and 62) gave 
consistently low values. 

It is evident that most of the irregu- 
larities in Fig. 4 are chargeable to varia- 
tions of air content of the concrete rather 
than to the water-cement ratio of the 
mortar. For example, in Fig. 2, ce- 
ments Nos. 3 and 7 showed widest dis- 
crepancies (too high); but in Fig. 4 both 
conformed fairly to the curve. Cement 

_ No. 58 is notable in that it moved from 
one of the highest in Fig. 2 to a position 
below the curve in Fig. 4. 

Conclusion 8.—The bulk of the wide 

deviations of plotted points from the 
= in Figs. 2, 3, and 4 can be charged 
to variations in tests. 

Further discussion 

tests is given below. 


Effect of Entrained Air on 
Strength: 


of variations of 


Mortar 


The only tests in the paper that are 


_ usable as a measure of the effect of en- 
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trained air are the compressive strengths 
of mortars Cand D. The writer plotted 
the relation between the air content of 
mortar F and the average strengths of 
mortars C and D. It was thought that 
more would be gained by averaging them 
than by attempting to study the mortars 
separately, since differences in water- 
cement ratio and flow would be some- 
what counter-balanced by the greater 
number of tests. At 28 days this rela- 
tion is: 


S = 4800 — 7500 E 
where: S is compressive strength, and 
E is volume of entrained air in mortar F. 


This suggests a strength with no en- 
trained air of 4800 psi. With E = 0.15 
(about the average), S = 4800 — 7500 X 
0.15 = 3700 psi., representing a loss of 
1100 psi., or 23 per cent. 

Conclusion 9.—Each 1 per cent of en- 
trained air, as determined by the 1:4 
standard mortar test produced a loss in 
compressive strength of mortar of 23 per 
cent at 3 days, 2 per cent at 7 days, and 
13 per cent at 28 days. 

Since 19 of the cements, or 30 per cent 
of the total, showed air contents between 
15 and 23 per cent, the above figures 
indicate serious strength losses for many 
of the cements. 

Conclusion 10.—On the basis of the 
present specification limits of 10 to 18 
per cent of entrained air in 1:4 mortar, a 
loss in 28-day strength of 1:2.75 mortar 
of 15 to 27 per cent would be expected. 

The paper gave no tests of strength of 
concrete made of Vinsol-resin cements. 


Variations of Mortar Strength: 


Table II of the paper gave the follow- 
ing average coefficients of variation ol 
strengths of 64 Vinsol-resin cements: 


28 da 
18%, 
8 


Specimen 3 days 
Cube (compression). 203% 
Briquet (tension).... 13 


7 days 
22% 
103 
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In discussing these coefficients, the 
authors stated: 


““4 small coefficient of variation indicates 
that there was little difference in the 
strengths of the different cements; con- 
versely, a large coefficient of variation indi- 
cates large differences in strengths of differ- 
ent cements.” 


This states a general principle of statis- 
tics, but the authors were unfortunate 
in applying it to what is probably the 
only exception to the rule in the whole 
realm of materials testing. It is obvious 
that the coefficients for both cubes and 
briquets cannot correctly represent the 
variations of these cements. Thereare 
three cases: (1) coefficients decrease with 
age at test; (2) coefficients are affected 
by number of tests; (3) coefficients were 
much lower for the briquets than for the 
cubes. The writer has considered cases 
(1) and (2) in a discussion of another 
paper® where it was shown that: 


“The coefficient of variation of concrete 
cylinders tested at 28 days increases as a 
logarithmic function of the number of tests, 
and for a given number of tests, varies 
inversely as the strength of the concrete.” 


The above relationship was confirmed 
by the tests now under discussion, in 
that coefficients of both cubes and 
briquets tended to decrease with age, 
another way of saying with strength. 

Case 3.—Instead of representing the 
superior merits of the briquet as an ac- 
ceptance test for cement, it can be shown 
that the low coefficients of the briquets 
are fictitious, and have a meaning en- 
tirely different from that suggested by 
the paper. 

Mortars generally fail at a unit elonga- 
tion of about 0.001. The most-stressed 


section of a briquet is only a small frac- 
tion of an inch long, hence it is obvious 
that there is no opportunity for the 
stress to become distributed uniformly 
across the section. 


The briquet repre- 
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sents a clear case of eccentric loading, 
which results in failure by a tearing 
action, rather than by true tension, 
hence the computed stress at failure is 
much lower than the actual tensile 
strength. The older and stiffer the 
mortar, the more pronounced this dis- 
crepancy becomes. This forces a level- 
ling of all briquet strengths, and accounts 
for another phenomenon that is fre- 
quently observed, namely, _ briquet 
strength increases up to 1 to 3 months, 
and thereafter declines until at 1 year 
the strength is about the same as at 7 
days, while the compressive strength of 
mortar or concrete made of the same 
cement continues to increase indefinitely. 

During the past 50 years much experi- 
mental evidence has accumulated which 
shows the extent of this tearing action 
in the briquet. In 1895 C. L. Durand- 
Claye* gave an analytical method for 
computing the stress across the mini- 
mum section of a briquet. In 1896 A, 
Fopp!* showed the wide variations in the 
stresses in a briquet by measurements on 
an india-rubber model. In 1897 J. B. 
Johnson” applied Durand-Claye’s analy- 
sis to a briquet. In 1912 E. G. Coker"! 
showed the wide range in these stresses 
by means of photoelastic observations on 
glass or celluloid models. A_ similar 
method was used in 1939 by Anderegg, 
Waller, and Fried.’ All of the fore- 
going studies showed high concentrations 
of stress at the edges of the waist of the 
briquet; three of them gave definite 
factors for the ratio of maximum to 
average stress, as follows: 


8 C. L. Durand-Claye, ‘‘Annales des Ponts et Chaus- 
sees,”’ June 1895. 
* August Foppl, ‘‘Vorlesungen uber Technische Me- 
chanik,’’ 9th Ed., Vol. III, p. 68; see also “Zwang und 


10 J. B. Johnson, ‘‘Materials of Construction,” Ist Ed., 
Wiley, New York, N. Y., 1897. 


i E.G. Coker, ‘‘Distribution of Stress at the Minimum 
Section of a Cement Briquet,’’ Proceedings, VI Congress 
Int. Assn. Testing Mats., Paper XXVIII, 1912. 

122 F, O. Anderegg, R. Weller, and B. Fried, ‘‘Tension 
Specimen Shape and Apparent Strength,’’ Proceedings, 
Am. Soc. Testing Mats., 1939, p. 1261. 
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The paper furnishes excellent material 
for a study of the levelling effect of the 
briquet test. For example, the 28-day 
compressive strength of cement No. 
35, mortar D, was 6610 psi.; the next 
three high values were 5410, 5330, 5130, 
average 5290 psi. The 28-day tensile 
strength of cement No. 35, in mortar B 
was 550) psi.; the next three values were 
555, 545, 540, average 547 psi. The in- 
crease of cement No. 35 over the average 
of the next three values was: cube 25 per 
cent, briquet 1 per cent. In the cube 
tests the next strength was 18 per cent 
below that of cement No. 35; for the 
briquets one half of the cements fall 
within this 18 per cent range. Similar 
factors were obtained with mortars C 
and A. 

Using the average of all cements in 
Table II, the briquet strengths were the 
following percentages of cube strengths: 


Average Strength i. , ‘ 
th, ps Ratio B/C, 


Age, days SS per cent 
Cubes Briquets 
1450 298 21 
ee 3820 450 12 


Instead of 450 psi. as the average 28-day 
strength of briquets, the true tensile 
strength was about 450 & 1.7 = 765 psi. 

The trend of the above value suggests 
that at 3 days the levelling effect of the 
briquet is minimized and the B/C ratio 
is 21 per cent. It is interesting to note 
that if we take the ratios of the above 
percentages at 3 and 28 days, we secure 
21/12 = 1.7, which is the same factor 
that was determined by direct observa- 
tions by Coker in 1912 and by Anderegg 
in 1939, 

Another measure of the levelling of 
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briquet strengths is found in the rate of 
gain in strength. Using the average of 
all mortars in Table II, the increase was: 


| Increase in Strength 
Period 
| Cube 


| Briquet 
161 51 


3 to 28 days... UIE 


Variation in repeat tests of a manu- 
factured material is a function of tech- 
nique, which includes sampling and all 
other steps. There is no reason why 
the tensile strength of mortars should 
be more variable than the compressive 
strength, if equal care is used in mixing, 
sampling, molding, and testing both 
specimens. That briquets gave a much 
lower variation than cubes shows only 
that there was an important difference 
in technique. This difference can be 
easily located in the unscientific method 
of loading the briquet. 

Conclusion 11.—Instead of being a 
merit, the low coefficients of variation of 
the briquets are true measures of the 
deficiency of this test. 

If one wishes to show that “all cements 
are alike,” the briquet is the best test; 
if one wishes to learn the actual relative 
strengths of cements, compression tests 
must be used. 

The briquet is a carry-over from the 
infancy of the art. The earliest use of 
the briquet-form of specimen in tests of 
portland cement that has come to the 
writer’s attention, was by G. F. White, 
who adapted it about 1850 from the 
practice of stone testing. Tests of this 
type were among those made on portland 
cement at the Great Exposition, London, 
1851. (Proceedings, Inst. Civil Engr., 
Vol. 11, p. 478 (1852).) This test speci- 
men was further popularized by John 
Grant" on the London Main Drainage 

13 John Grant, ‘‘Experiments on Strength of Cement, 


Proceedings, Inst. Civil Engr. London, 1865-66 and 187 
71; also book of same title, 1875. 
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Works, about 1859, the first large project 
on which portland cement was used. 
The briquet has undergone no essential 
improvement since it first came into use 
95 years ago. 

During the past 40 years, the inade- 
quacy of the briquet has been commented 
on by a number of American writers, in 
addition to those already cited: 
Erroneous attempts to reconcile the 
composition and other properties of ce- 
ments, the quality of aggregates, and the 
behavior of mortars and concretes, with 
the vagaries of the briquet strengths has 
been responsible for much of the con- 
fusion that has characterized cement 
and concrete technology in the United 
States during the past 60 years. 

Conclusion 12.—The above analysis 
shows why the authors found much lower 
coefficients of variation for briquets 
than for cubes, and why briquet coeffi- 
cients are fictitious and erroneous; also 
why briquet strengths are generally 
contradictory and misleading. 

Conclusion 13.—Much of the confusion 
of the paper resulted from fruitless at- 
tempts to reconcile the tensile and com- 
pressive strengths of mortars. 

Now that we have entered the atomic 
age, the briquet should be permanently 
banned as an instrument of either re- 
search or acceptance tests of cement. 
Ninety-five years is long enough for an 
art to be bedevilled by an unscientific 
test specimen. 


Variations of Workability: 


The authors discussed at some length 
the ‘Reproducibility of Entrained-Air 
Values of Mortars and Pastes,’’ also 
variations in tests of unit weight of 
mortar and concrete. It appears that 


4 W. P. Taylor, ‘‘Notes on Cement Testing,’’ 2nd An- 
nual Convention, Assn. Am. Portland Cement Mfgr., 
Dec., 1904. 

% “Tata Considered by Committee C-1 in Preparing 
the Standard Specifications and Tests for Portland 
Cement,’’ Section II, Part VII, Report of Subcommittee 
VII on Strength, p. 59, Am. Soc. Testing Mats., 1919. 

Issued as separate publication.) 

%S. Timoshenko, ‘Strength of Materials,’ Part II, 

2nd Ed., 1941. 
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the reproducibility tests were all made 
on the same day, hence they are not 
representative of the typical case where 
tests must be made on different days. 
We saw above that for both mortar F 
and the concrete, the air content was a 
function of the water-cement ratio of the 
mix. This emphasizes the fact that unit 
weight is only one of the factors in- 
volved. The water-cement ratios actu- 
ally used in the tests were determined by 
one of three measures of workability: (a) 
flow table, (5) flow trough, and (c) slump. 
The tests of mortar F were by far the 
most consistent of those reported. This 
is an argument for the use of the flow 
trough in this test. 

The workability of concrete was deter- 
mined by slump. Slumps within the 
range 3 + 1 in. were accepted. Ex- 
pressed in this way it may not appear to 
be a very wide range. Since no actual 
slumps were given and the number of 
tests is unknown, it is impossible to 
derive exact limits. Let us assume that 
the slumps that fell within the range 2 to 
4 in. were the average of two tests. In 
order to secure the range of the larger 
“universe” the range as determined by 
two tests must be multiplied by 1.8; 
the accepted range of slump would then 
be 1.8 X 2 = 3.6 in. For this type of 
concrete the quantity of mixing water 
must be increased about 5 per cent in 
order to produce an increase in slump of 
1 in. A 3.6-in. range in slump would 
then mean a range in water-cement ratio 
of 5 X 3.6 = 18 per cent. This range 
of 18 per cent in water-cement ratio 
would account for a range of about 33 
per cent in strength of concrete due to 
this cause alone. 

Tests in Table V show that for a flow- 
trough range of 2.7 to 2.8 in. the flow- 
table range was 88 to 112, or 27 per cent. 
As additional evidence that a flow-table 
range of 27 per cent for mortars that 
were supposed to be of similar work- 
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ability was not unusual, attention is 
called to Table I which shows: 


Mortar B, flow-table range........ 22 per cent 
Mortar D, flow-table range........ 16 per cent 


It is interesting to note that the 22 per 
cent range came in adjacent cements 
(Nos. 27 and 28), in other respects almost 
identical. 

Regardless of the accuracy of the air- 
content tests repeatedly stressed in the 
paper, we cannot escape the conclusion 
that the mortar tests, with the single 
exception of mortar F, had a range of 
values of the order of 22 per cent, and 
the concrete of the order of 100 per cent. 
The point is that while the method of 
test used by the authors determined the 
air content correctly for a given consis- 
tency (water-cement ratio), the consis- 
tency used varied widely. 

Conclusion 14.—The wide scatterings 
of points shown in Figs. 7 to 12 were due 
not only to errors in tests of air content, 
but also to the wide variations in the 
water-cement ratios of the mixes on 
which air contents were determined. 

When two factors are involved, noth- 
ing is accomplished by accurate control 
of one if the other varies widely; the less 
accurate factor governs the final results. 


Additional Data Needed: 


Vinsol-resin cements have been before 
the profession for five or six years. 
Dozens of reports of tests have been 
published, but most of them are of 
questionable value due to limited scope, 
absence of scientific controls, or the 
neglect of other essential factors. The 
present paper fails to give an answer 
to the fiincamental question of the basis 
of the quantity of air entrained by a 
Vinsol-resin cement, in terms of the 
actors that go to make up a mortar or 
concrete mix, such as composition and 
quantity of cement, size and grading of 


aggregate, water-cement ratio, etc. 
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features of mortar F and the concrete of 
the paper, together with the average 
amounts of entrained air. The last line 
is an assumed pavement concrete. 


Aggregates | 
| En- 
trained 

Mix _ |Fine-| W/C Air, 

Maxi- | ness | per 
mum | Mod-} cent 

ulus 

Mortar F (1:4)...........| No. 20 2.77 | 0.67 | 15 
Concrete (1:54)...... 4.87 | 0.53 54 
Pavement concrete (1:54).| 23 in 6.20 | 0.45 | ?? 


The data in the paper suggest that the 
quantity of entrained air is a direct func- 
tion of the quantity of cement. If so, 
the assumed pavement concrete would 
be expected to have zero air content. 

The data show that the quantity of 
entrained air is an inverse function of 
the maximum size of aggregate. If so, 
the assumed pavement concrete would 
be expected to have zero air content. 

The data show that the quantity of 
entrained air is an inverse function of 
the fineness modulus of the aggregate. 
If so, the assumed pavement concrete 
would be expected to have zero air 
content. 

The data of the paper suggest that the 
quantity of entrained air is an inverse 
function of the size of batch. If so, the 
assumed pavement concrete would have 
zero air content. 

Conclusion 15.—All evidence of the 
paper suggests that for concrete of the 
type generally used in pavements, the 
quantity of air entrained by the average 
commercial Vinsol-resin cement is zero. 

It is the writer’s belief that the small 
batches of concrete usually mixed in 
the laboratory have little or no signifi- 
cance as compared with field practice 
where mixers of 2, 3, 4, 6, and 8 cu. yd. 
are used. 

The thoughtful engineer will demand 


definite answers to the above questions 
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before he is willing to accept Vinsol-resin 
cement as an air-entraining agent. The 
larger question of the beneficial effects of 
air-entrainment on the durability of con- 
crete must be approached in the same 
manner. 

It may be objected that the laws gov- 
erning entrainment of air in concrete are 
not a part of cement testing; on the other 
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hand, the correct formulation of these 
laws is essential before a rational inter- 
pretation can be made of the cement 
tests. A more complete knowledge of 
the properties of air-entrained concrete 
may suggest many desirable modifica- 
tions in test procedure as well as in the 
specification requirements for Vinsol- 
resin cements. 
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EFFECT 


OF HEAT ON 


VINSOL 


It has been reported 
by some manufacturers of Vinsol 
resin cements that large losses of 
resin have occurred sometime during 
the manufacturing processes. One 
mill experienced losses as high as 75 
per cent of the resin added to the 
clinker. At this plant it was 
claimed that during the finish grind- 
ing process the odor of Vinsol resin 
was quite pronounced. Officials of 
the company reported that in the 
freshly ground cement temperatures 
as high as 300 F. or even 350 F. 
were frequently found. 

The problem was presented to the 


‘ National Bureau of Standards in an 


endeavor to ascertain the cause of 
these losses of Vinsol resin during 
grinding and what effect they might 
have on the air-entraining proper- 


ties of the finished cement. A 


study of this problem was accord- 
ingly undertaken 


Scope or Trsts 


The effects of duration and in- 


tensity of heating of powdered Vin- 


sol resin on its weight, its chloro- 
form-soluble content, its methoxyl 
content, and its air-entraining prop- 
erties were determined by heating 
Vinsol resin alone and as inter- 
ground in cement. Two methods 
of heating were employed, oven 
heating and heating in a laboratory 


*Also published in ASTM Butietin, No. 135, 
August, 1945, p. 30. 


1! National Bureau of Standards, Washington, 


PORTLAND CEMENTS CONTAINING 
RESIN* 
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rotary calciner. The effect of fine- 
ness of Vinsol resin intermixed with 
cement on the air-entraining proper- 
ties of the cement was also studied. 


EXPERIMENTAL PROCEDURE AND 
RESULTS 


Oven Heating: 


One kilogram of cement was 
mixed with 0.045 per cent of its 
weight of Vinsol resin in a small 
pebble mill. The cement was re- 
moved and analyzed for Vinsol resin 
by the methoxyl method.? Only 
0.031 per cent was found, indicating 
a large loss on the pebbles and the 
container. 

This treated cement was then 
heaved at 300 F. for varying periods. 
The heating was accomplished by 
placing the beaker containing the 
treated cement in an electrically 
heated oven. At intervals, the 
beaker and contents were removed, 
cooled, a 40-g. sample removed, and 
Vinsol resin content determined.’ 
Results are given in Table I. 

A 1-g. sample of straight Vinsol 
resin in a beaker was heated under 
the same conditions and its loss in 
weight and appearance noted. At 
the end of 2 hr. this Vinsol resin had 
‘arbonized to a considerable extent, 
indicating at least some decomposi- 
tion at that temperature (300 F.). 


21944 Book of A.S.T.M. Standards, Part II, 
p. 1223. 
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Table I also shows the Vinsol resin 
lost in the separate sample of 
straight resin. 

TABLE I.—EFFECT OF HEATING AT 300 


F. 
ON VINSOL RESIN, AND ON CEMENT- 
VINSOL RESIN MIXTURE. 


The second column shows Vinsol resin found by 
the methoxyl method; the third column is a 
calculation of resin lost, based on the original 
amount present shown in the second column; the 
fourth column shows losses based entirely on 


ch: inge in weight. 
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| Cement-Vinsol Resin Straight 
Mixture Vinsol 
— Resin 
Total Resin Found, Resin os — 
Time per cent by Lost, Resin 
Heated, weight of per cent Lost, 
hr. cement of 0.031 per cent 
0... 0.031 0 0 
a 0.025 19 19 
20 
22 
0.020 36 23 
10... 23 
ae 0. 018 42 23 
= 0.009 71 24 
5l. 0.009 71 25 


. The work summarized in Table I 
| indicates that Vinsol resin is lost 
from cement by heating at a tem- 
perature of 300 F. Since the de- 
| composition noted in the resin at 
that temperature should certainly 
be suspected of changing the charac- 
teristics of the resulting product, a 
’ number of experiments were made 
‘ in which Vinsol resin was heated in 
, an oven at temperatures of 100, 200, 
> and 300 F. for varying lengths of 
y time up to8 hr. This material was 
p then ground with a mortar and pes- 
tle and added to cement by mixing 
| in a pebble mill. The chloroform- 
2 soluble material in the cements was 
determined. Mortars were made 


rather inconclusive. The  differ- 
ences caused by heating for these 
periods were not much greater than 
obtained on duplicate 
determinations using the same ce- 
ment. 


Vinsol resin is a material which, 
apparently, depends on neutraliza- 
tion for its air-entraining properties. 
The part of this reaction which pro- 
duces air entrainment takes place 
during the brief mixing period of 
the mortar. Therefore, the particle 
size of the powdered resin used, 


‘when mixed with cement, might be 


expected to influence the air en- 
trainment. At the suggestion of 
John Tucker, Jr., an effort was 
made to ascertain the magnitude of 
the effect of fineness. Accordingly, 
Vinsol resin which had a fineness, as 
received, of 2500 sq. cm. per g., as 

determined by an air-permeability 
apparatus,’ was ground to a fineness 
of 13,000 sq. cm. per g., with a mor- 
tar and pestle. The same percent- 
ages by weight of cement of the 
coarse and reground Vinsol resin 
were mixed with separate portions 
of cement in a pebble mill for 1 hr. 
The results of determinations of 
chloroform-soluble material, meth- 
oxy! content of extract, and of the 
air content and flow of 1:3 con- 
crete-sand mortars made with the 


| from the cements and their densities cements are given in Table II. 
determined.? The results were 
4R. L. the of 
nl Specific Surface by Air Permeability,” 
1944 Book of A.S.T.M. Standards, Part II, p. No 108 January, 1941, p_17. 
d TABLE II.—EFFECT OF SPECIFIC. ware ON THE AIR-ENTRAINING PROPERTIES 
F VINSOL RESIN. 
Specific Surface CHCl: Vinsol Resin 
> Vinsol Resin of Vinsol Resin Soluble Extract Calculated Air in 
' Added, Added, sq. cm. Found, from CH;0, Mortar, Flow, 
). per cent per g.* per cent per cent _ oe cent per cent 
5.8 116 
i 2 500 0. 039 0. "043 8. 4 125 
I, eee 13 000 0.039 0.044 12.2 133 


® The specific surface was determined by the air-permeability apparatus. 


Experiments Using Rotary Calciner: 


The following experiments were 
made in an effort to simulate more 
closely conditions obtaining in a 
cement plant than was done by oven 
heating of intermixed Vinsol resin 
and cement. Two cement clinkers 
were ground with gypsum and Vin- 
sol resin in a steel rotary ball mill. 
Grinding was continued until the 
specific surface (Wagner turbidime- 
ter) was between 1900 and 2000 


sq. em. perg. Cement A contained 


0.14 per cent total alkalies ex- 


made from the heat-treated ce- 
ments.® 

In all cases in which the heating 
period was less than 6 hr. at tem- 
peratures of 200, 300, and 350 F., 
changes produced were practically 
insignificant. The heating was then 
increased to intervals from 7 to 
48 hr., at temperatures of 200, 250, 
and 300 F. Results of such treat- 
ment are given in Table III. 

When the samples were heated at 
250 F. and above, steam was ob- 
served escaping for about 3 hr. 


TABLE IIIl.—EFFECT OF HEATING IN A ROTARY CALCINER ON TWO CEMENTS 
CONTAINING INTERGROUND VINSOL RESIN. 


CHCls-Soluble 
Heating Time, | Temperature, Extract, CHO in Ex- Air in Mortar, 
hr. _deg. Fahr. per cent tract, per cent per cent® Flow, per cent 
Cement A (0.14 Per Cent Tora, ALKALI Expressep a8 Na20) 
Unheated.... one 0.020 3.54 18.9 103 
| Sere eae 200 0.011 2.17 19.0 97 
a 250 0.016 1.49 18.6 96 
Riwaveawn ed 300 0.013 3.18 19.6 100 
Sea 300 0.009 1.73 16.6 88 
Dtebeunkes 300 0.013 0.98 15.0 76 
(A 300 006 0.75 13.3 70 
CementIB (0.55 Per Cent Torat ALKALI Expressed As Na2O) 
Unheated.... ons 0.018 3.36 21.1 102 
| eae 200 0.007 1.93 20.1 99 
250 0.011 1.53 18.7 90 
pa 300 0.016 2.76 20.1 93 
300 0.015 2.02 17.3 81 
rere 300 0.010 0.96 15.5 76 
300 0.62 15.1 72 
~@ Bach value is the average of four determinations. 


pressed as Na,O, while cement B 
contained 0.55 per cent. Samples 
of each cement were then subjected 
to heat for definite periods of time 
at several different temperatures in 
an electrically heated rotary cal- 
ciner.> In this way the cement was 
constantly rolled and mixed, al- 
though not ground, while heating 
was taking place. After heating, 
the cement was analyzed for chloro- 
form-soluble material and the meth- 
oxyl content of the chloroform ex- 
tract determined. Air content and 


5’ The rotary cylinder used was the same equip- 
ment as described by J. A. Murray in, ‘“‘Experi- 
mental Electrical Rotary Calciner,’’ Chemical and 
Metallurgical Engineering, Nov., 1927. 


through the opening which held the 
thermometer. 

The data in Table III indicate 
that above certain limits increasing 
the temperature and time of heating 
cement containing interground Vin- 
sol resin lowers its air-entraining 
properties. Cement A was unD- 
affected by heating as long as 48 hr. 
at 250 F., but 18 hr. at 300 F. 
caused a significant reduction in air 
entrainment. Cement B appeared 
somewhat more sensitive, exhibiting 


*A.S.T.M. Tentative Method of Test for Air 
Content of Portland-Cement Mortar (C 185-44 
T), 1944 Book of A.S.T.M. Standards, Part II, 

. 1227. 

7 Federal Specification for Portland Cement, 

SS-C-158a, p. 29. 
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a small reduction in air entrainment 
when heated at 250 F. for 48 hr. 
and a considerable reduction when 
heated at 300 F. for 18 hr. For 
each of the cements, there is a rough 
relationship between the air content 
and the CH;0 content for the 300 F. 
series. In general, the chloroform- 
soluble content and percentage of 
methoxyl in the extract are de- 
creased. Figure 1 shows graphi- 
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Fig. 1.—Relationship of Methoxyl Con- 
tent of Chloroform Extract and Time of 
Heating Cement at 300 F. 


cally the relationship between the 
percentage of methoxyl found in the 
chloroform extract and time of heat- 
ing the cements at 300 F. 


DISCUSSION 


In the manufacture of portland 
cement, the cement may be trans- 
ferred from the ball mill to the silo 
with little loss of heat. Except in 
the case of mills having special cool- 
ing systems, the rate of cooling is 
very slow and frequently high 
temperatures may be found in the 
silos after many days. Experi- 
ments summarized in Tables I and 
III do not duplicate conditions 
found in a cement silo, but they do 
show that Vinsol resin is affected by 
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temperatures exceeding 250 F. over 
extended periods of time. Further- 
more they demonstrate that the air- 
entraining properties of cement con- 
taining the resin can be changed to a 
marked degree by such heat. 

Several factors affecting results 
obtained by the methoxyl method 
are discussed in the paper by Bean 
and Peppler.* In using the meth- 
oxyl method, calculations are based 
on the assumption that the meth- 
oxyl content of the resin extracted 
by the chloroform-soluble method 


is constant (83.5 per cent recovery 
of 5.7 per cent CH;0 originally pres- 
ent in the resin before grinding and 
extracting). 


That such an assump- 
tion is not correct in the case of Vin- 
sol resin cement which has been sub- 
jected to heating i is shown clearly by 
the figures in Table III under the 
column marked “CH;0 in Extract.” 
Figure 1 represents these values 
graphically and shows that the 
methoxyl content of the extract 
from heated cements is a function of 
the time and temperature of heating, 
and is not constant. Accordingly, 
the methoxyl method appears to be 
of little value as a means of measur- 
ing the amount of Vinsol resin pres- 
ent in cement so heated. 

In correspondence with others in- 
terested in this problem it has been 
suggested that when cements con- 
taining Vinsol resin have been sub- 
jected to high temperatures during 
grinding, some of the resin may have 
polymerized at these temperatures 
to a material partially insoluble in 
chloroform, such cement still re- 
taining most of its air-entraining 
properties. However, in Table III 
the data shown under the column 


Leonard Bean and R. B. ‘Studies of 
Methods for Determination of Vinsol Resin in 
Cement,” paper being prepared. 
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heading ‘Air in Mortar’? demon- 
strate that increased time of heating 
at 300 F. diminishes the air-entrain- 
ing properties of the resin. It was 
further suggested that the polymer- 
ized resin (caused by heating) would 
probably be completely soluble in 
dichloroethylene and could thus be 
extracted from cement. The sam- 
ple of cement A which had been 
heated for 48 hr. at 300 F., gave a 
chloroform-soluble extract of 0.006 
per cent. When the same cement 
was extracted using dichloroethyl- 
ene, 0.009 per cent of extract was 
obtained. The corresponding val- 
ues for cement B heated 48 hr. at 
300 F. were 0.006 per cent of chloro- 
form extract and 0.011 per cent of 
dichloroethylene extract. This in- 
dicates that while the chloroform- 
soluble material in a Vinsol resin 
cement is considerably lowered by 
heating, more resin in some form is 
present than is indicated by the 
chloroform-soluble value. The re- 
sults obtained by using either 
chloroform or dichloroethylene as a 
solvent indicate, however, that con- 
siderable resin is lost by prolonged 
heating of Vinsol resin cement at 
high temperatures. 
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Vinsol resin when heated in a 
beaker at 300 F. definitely carbon- 
ized. In 51 hr., about one-quarter 
of a 1-g. sample was lost by volatil- 
ization or oxidation. When cement 
containing interground Vinsol resin 
was heated at temperatures as high 
as 300 F. for periods as long as 48 
hr., in a rotary mill, as much as two- 
thirds of the resin was lost as 
measured by the chloroform-soluble 
method. The methoxyl content of 
the residual resin was considerably 
reduced, and cement so treated had 
considerably lessair-entraining prop- 
erties than the same cement be- 
fore heating. Dichloroethylene was 
found to extract more resin than did 
chloroform from Vinsol resin ce- 
ments which had been subjected to 
considerable heat treatment. 
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~A COMPARISON OF ABSORPTION AND SOUNDNESS TESTS ON 


MAINE SANDS 


By ANDREW ApAms! AND Horace A. Pratt? 

Tests on Maine sands indicate that soundness as determined by mag- 
nesium sulfate (Method C 88-41 T)* may be very closely estimated by the 
absorption test (Method C 128-42),4 which can be completed in a much 
shorter time. Standard A.S.T.M. procedures were followed in obtaining 
the test results which were based on 62 sands well-distributed over the 
State. The soundness loss may also be predicted from the loss on the 14- 
mesh fraction alone, as indicated by their high correlation. 


SYNOPSIS 


A study of the durability of Maine 
sands at the Maine Technology Experi- 
ment Station resulted in the making of 
many absorption and soundness tests 
during the past year. In addition to 
the standard tests, numerous other 
soundness tests were made on the 14- 
mesh fraction alone. In order to in- 
crease the number of sands to be tested 
at one time with the equipment avail- 
able, studies were made to determine if 
the loss on one individual fraction 
could be substituted for the standard 
soundness test. 

Of the four fractions used in these 
tests, the highest correlation with the 


was selected for estimating the sound- 
ness of a sand. 

It was realized also that more sands 
could be tested in a given period of time 
by means of the absorption test than by | 
the soundness test. It requires 18 days 
to complete a soundness test when 
carried to complete drying at each cycle, 
but an absorption test can be made in 
48 hr., only one ninth of that time. 


DERIVATION OF DATA 


[he sands used in making the absorp- __ 
tion and soundness tests came from. 
sources well-distributed geographically 


standard soundness occurred in the case 
of the 8 and 14-mesh fractions, both 
being equally high. However, in many 
cases the laboratory samples lacked 
sufficient material retained on the No. 8 
sieve; therefore, the 14-mesh fraction 


' Engineer, Bridge Div., Maine State Highway Com- 
ssion, Orono, Me. 
* Associate Engineer, Maine Technology Experiment 
ition, University of Maine, Orono, Me. 
‘Tentative Method of Test for Soundness of Aggre- 
es by Use of Sodium Sulfate or Magnesium Sulfate 
hn 41 T), 1942 Book of A.S.T.M. Standards, Part II, 
RS 
‘Standard Method of Test for Specific Gravity and 
Absorption of Fine Aggregate (C 128 - 42), 1944 Book of 
A.S T.M. Standards, Part II, p. 445. 


over the State of Maine and varied 
mineralogically from wholly granitic 
(quartz and feldspar) sands to those con- 
taining large percentages of quartzite, 
schist, and shale. These sands did not 
contain an appreciable amount of lime- 
stone. 

The absorption test was made in 
accordance with the A.S.T.M. Standard 
Method of Test for Specific Gravity and 
Absorption of Fine Aggregate (C 128 - 
42).4 Check tests were made on each 
sand, and the average value was used in 
comparing with the soundness test. 
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The soundness test was made in ac- AD 
cordance with the Tentative Method of 
‘ — Estimate¢ 
Test for Soundness of Aggregates by | Grading, | § | soundness|Soundwees 
Use of Sodium Sulfate or Magnesium Py 
Sulfate (C 88-41T).* Since the re- Sand | | 
sult of the soundness test is weighted met @/2¢/18124/2% 
according to the grading of the sand, a 7 FE. | Z2\:|3 Fig 
a an] aie 
sieve analysis was first made on a 1000-g. _——————— 
No. 4919........| 26 | 8 | 1.01] 13.2) 7.6) 6.5 
sample, using Tyler sieves Nos. 4, 8, 3 19:3| 18:1] 18.6 
14, 28, 48, and 100. After the fractions | 2:99) 13-3 10.8) 8.2 
had been separated, as a result of the %o 45... 7 | 1 | 3.33) 28.3) 25.4) 23.4) 21. 
eighi No. 4918........ 8 | 4 | 2.08) 14.7/ 13.8] 13.8) 13.9 
sieve analysis, samples weighing 100 g. No | bee bee 
were taken from each of the four re- No. 4921........] 28 | 10 | 0.83 6.71 3.2 14 4 
quired sizes and placed in separate bas- No. “5 | 2 | 1.45} 14.8) 10:3] 14.5. 10:4 
kets preparatory to immersion in the No. 1917........| 15 | 6 | 1.78] 14.0] 10.5) 11.0) 1 
No. 1913 : od ° 
magnesium sulfate solution. | 6 | 7a] 
fe No. 1889........| 14] 5 .30} 13.0} 11. 4} 945 
The magnesium sulfate, a commercial 16 | 3 3:04] 32:2] 19.91 25:1 19'9 
grade of epsom salt, was made intoa | 
saturated solution in the immersion tank No. 4924......... 10 | 2 | 1.09) 9.4) 6.5) 8.7, 82 
No. 4925........| 17 | 8 | 2.06] 24.4] 19.5] 18.2) 14.0 
well in advance of placing the sand No. 10 | 4 | 2:09| 23:6] 18.4] 19/5) 14.2 
No. 4957....... | 13 | 6 | 1.35] 14.1] 12.2] 11.8] 9 
samples in it. An excess of salt crystals 
No. 447........ | 16 | 4 | 0.81] 13.4] 10.4] 9.7) 
was always present and the specific i920 | 4 0:96] 13:41 "9:21 10:3} 
gravity was maintained between 1.296 18 | 7 | 0.70) 6.7) 6.6 
1.308. The samples were immersed 459... | 9 | 4 | 1.18) 10.6) 8.0 10.4) 
in the magnesium sulfate solution for 16 | 34 
hr., following which they were drained No. 158 | 1.16) 12.5, 8.2] 10.3, 
No. 143... 14) 4 | 1.77] 6.6) 6.8 5.6) 12 
and then placed in a drying oven that No. 511 15 | 7 | 0.70] 3.5} 5.0] 3.6 
was maintained at a temperature be- | 14 | 4 | 1.02] 5.9) 5.1] 5.0) 
tween 105 and 110 C. The samples No | 2-28) 12.9) 17-2) 18.3 
were dried to constant weight, cooled Ne. 4%.......-. 18 | 7 | 1.38) 18.0) 13.9] 9.7 
Com No. 12 | 4 | 0.68] 8.9| 7.4] 8.0 
-mersed in the solution. This proce- No. 18 | 5 | 1.82) 10:1] 7.8) 6.7| 12. 
No. 592........ 18 | 6 | 0.89) 13.3) 11.3] 9.3) 7 
- was repeated through five cycles, No. 321.........| 10 | 4 | 0.76) 5.4) 4.3] 6.3) ¢ 
138 0 5 -25 7.3) 9.2 
after which eech sample was washed 
entirely free of the magnesium sulfate, Xo 19 | | 1-04) 10.2) 9.4) 10.9 
dried to constant weight, and sieved By 
over the same sieve on which it was No.47t......... 10 | 4 | 0.80) 4.4) 5.5) 5.6 
originally retained. No. 421.........] 5 | 0.74] 3.5! 6.1 
From the weights of the material re- No. 250 | 0.79} 5.6) 4.1] 6.0, 64 
. No. 191 8 | 6 4.8 
tained on these sieves, the actual per- X13) site tas 
centages of loss were calculated for each No. 319......... 2 5.8) 5.4) 28 
Thece ceve -entace 6 0.32) 4.0) 2. 0.1) 
fraction. These several percentages of Be By 
loss, for the four fractions used for each By Be 
sand, were weighted according to the No. 809... 21 | 7 | 1.17) 16.2} 9.2) 10.4) § 
grading of the sand and combined to No. 253.........| 16 | $ | 0.50) 5.4 5.0) 4.1) 41 
13 5 0.82) 13.2} 9.8 0.0 
give the total weighted percentage loss No. 317... 7 | 0.60) 11.6] 7.9] 7.0 5.3 
No. 464.........| 11 | 6 | 1.36] 9.1] 8.6] 9.0) 9.8 
for the entire sand. The soundness No. 331 12 2 | 0.40 5.0} S.6] 4.7 4 
(0. 7 il 4 | 2.15) 8.0) 6.8) 7.8 
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this manner. Additional soundness tests 
were made on 86 other sands using only 
the 14-mesh fraction. 

The soundness test results, based on 
25 tests and check tests, checked 46 
per cent closer when dried to constant 
weight than when dried for only 7 hr. 
at each cycle. In order to dry the 
samples to constant weight, especially 
the 48-mesh fraction, it was necessary 
for the samples to be in the drying oven 
at least 28 hr. 

Table I shows the test results on which 
this study was based. 


ANALYSIS OF RESULTS 


The following simple correlation co- 
efficients, each with its probable error, 
were obtained statistically from the test 
results of the soundness with magnesium 
sulfate, the absorption, and the grading 
on 62 sands: 

Soundness versus per cent P-14 

r = —0.1806 + 0.0829 Not significant 
Soundness versus per cent P-48 

r = —0.3107 + 0.0774 Significant 
Soundness versus per cent P-100 

r = —0.3188 + 0.0770 Significant 
Soundness versus per cent absorption 

r = 0.8056 + 0.0301 Highly significant 
Soundness versus 14-mesh soundness 

r = 0.9469 + 0.0089 Highly significant 
soundness versus fineness modulus 

r = 0.2411 + 0.0807 Not significant 


When the results are based on 62 
sets of tests, a correlation coefficient 
below 0.250 is not significant. This 
means that there are 5 chances out of 100 
that a value of 0.250 might be obtained 
wholly by chance, where no relationship 
actually exists between the variables. 
The significant values of the correlation 
coefficient lie between 0.250 and 0.325. 
Values within this range would be ex- 
pected to occur from one to five times 
out of 100 by chance. Values greater 
than 0.325, which are highly significant, 
would be expected less than once in 
a hundred times by chance. 

It will be noted that the two signifi- 
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cant correlation coefficients for sound- 
ness with per cent P-48 and with per 
cent P-100 each have negative values. 
This means that as the amounts P-48 
and P-100 increase, the soundness values 


decrease. The simple correlation coef-— 


ficients for standard soundness with per 
cent absorption and standard soundness 
with 14-mesh soundness are both posi- 
tive, which means that as the values for 
per cent ‘absorption or 14-mesh sound- 
ness increase, the values for soundness 
will also increase. 

The simple correlation coefficients 
were used statistically to derive the two 
following regression equations: 


Estimated soundness = 
1.65 + 6.0010 (per cent absorption). . . (1) 


Estimated soundness = 
0.95 + 0.7263(14-mesh soundness) . . . (2) 


The standard error of estimate result- 
ing from the use of Eq. 1 is 2.8093, as 
compared with a standard deviation of 
4.7027 for the entire group of soundness 
results. This result means that the 
range of soundness values corresponding 
to a given absorption value is only 59.7 
per cent of the total range of soundness 
values. By the use of Eq. 1, then, we 
have controlled 40.3 per cent of the 
soundness variation. The standard 
error of estimate for Eq. 2 is 1.5248, 
or 32.4 per cent of the standard devia- 
tion. The control resulting from the 
use of Eq. 2 is 67.6 per cent. 

The data were next examined to de- 
termine if the use of multiple regression 
equations might result in better control 
than in the case of the simple regression 
equations, 


5 When one variable is plotted against another vari- 
able, as in Figs. 1 and 2, the resulting scatter diagram 
shows the relationship between them. The form of this 
relationship is indicated by the line which best fits these 
plotted points. Thislineis called the “line of regression,” 
and the mathematical equation of this line of regression 
is termed the ‘‘regression equation.’’ The measurement 
of the degree of the two variables is 
reduced to a relative basis by calculating the correlation 
coefficient which can range from zero, for no association 
at all, to plus or minus one for perfect relationship. 
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Multiple correlation coefficients and 


their probable errors were obtained as 
follows: 


Soundness versus 
per cent P-100 (not significant) 
per cent absorption (highly significant) 
R = 0.8211 + 0.0279 
Soundness versus 
per cent P-48 (not significant) 
per cent P-100 (not significant) 
per cent absorption (highly significant) 
R = 0.8088 + 0.0296 


Soundness versus 
per cent P-100 (highly significant) 
14-mesh soundness (highly significant) 
R = 0.9531 + 0.0078 
Soundness versus 
per cent P-48 (highly significant) 
per cent P-100 (significant) 
14-mesh soundness (highly significant) 
R = 0.9796 + 0.0035 


The reader will undoubtedly have 
noticed the apparent discrepancy be- 
tween the degrees of significance indi- 
cated for the two variables, per cent 
P-48 and per cent P-100, in connection 
with these multiple correlation coeffi- 
cients and those for the corresponding 
simple correlation coefficients listed pre- 
viously. The following explanation is 
offered. When these two variables were 
compared separately with soundness, the 
value of the resulting simple correlation 
coefficients indicated that the degree of 
association, or the relationship, between 
them was great enough in each case to be 
designated significant. ‘These simple cor- 
relation coefficients measured the appar- 
ent relationship between the variables 
concerned without regard to any possible 
influences by other variables which might 
be associated with soundness. On the 
other hand, the multiple correlation 
coefficients presented above indicate the 
joint relationship between soundness 
and two or three other variables. The 
relative effect of each variable upon 
soundness, as indicated by the degree of 
significance shown above, was deter- 
mined statistically from a study of the 
standard partial regression coefficients 
and was checked by deriving the partial 
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correlation coefficient in each case, 
This method shows the degree of rela- 
tionship which exists between sound- 
ness and each independent variable 
when allowance is made for the effects 
of their common associations with the 
other variables. Thus, when the data 
were classified according to per cent 
absorption, the effects upon soundness 
of the percentages passing the No. 48 
and the No. 100 sieves were each found 
to be “not significant.” On the other 
hand, when classified according to the 
14-mesh soundness results, the effects 
of these same two variables upon sound- 
ness would be termed “highly signifi- 
cant.” 

These results show that the grading 
of a sand is not significant when used 
statistically with the results of the ab- 
sorption test for estimating the sound- 
ness, but the grading is highly signifi- 
cant for prediction purposes when used 
with the results of the 14-mesh sound- 
ness. Therefore, based on grading and 
14-mesh soundness, the following mul- 
tiple regression equation was derived: 

Estimated Soundness = 4.24 — 0.3131 (per- 


cent P48) + 0.2305 (per cent P-100) + 
0.7245 (14-mesh soundness)............ (3) 


The standard error of estimate result- 
ing from the use of Eq. 3 is 0.9683, or 
only 20.6 per cent of the standard devia- 
tion. This means that the range of 
soundness values, which would be pre- 
dicted by this equation, is only 20.6 
per cent of the total range. The varia- 
tion controlled is, therefore, 79.4 per 
cent. 

Figure 1, a scatter diagram, indicates 
the relationship between the standard 
soundness and the loss of the 14-mesh 
fraction. It will be noted that the 
plotted points are arranged in very 
nearly a straight line diagonally down- 
ward across the diagram. The narrow- 
ness of this band of points indicates that 
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the two variables are very closely re- 
lated. From this scatter diagram, a 
numerical measure of the relationship 
between the two variables was obtained 
by calculating the correlation coefficient, 
r, according to the method described 
by H. Walter Leavitt.6 As would be 
expected from the location of the points 
on the scatter diagram, a very high 
correlation coefficient (r = 0.9469 + 
0.0089) was obtained. The fact that 
this coefficient is positive indicates a 
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closely from the loss of the 14-mesh 
fraction. 

Figure 2, a scatter diagram, shows the 
relationship between the absorption of 


sands and the soundness. This diagram 
shows a fairly well-defined band of points 
ranging from the upper left corner to the 
lower right corner. As the per cent 
absorption increases, the soundness loss 
increases, indicating a positive relation- 
ship. The highly significant correla- 
tion coefficient (ry = 0.8056 + 0.0301) 
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Fic. 1.—Scatter Diagram—14-Mesh Soundness 
versus Standard Soundness. 


direct relationship between the variables; 


- that is, as the value of one variable in- 


creases, the value of the other also 
increases. 

The close relationship between the two 
variables, as indicated both by the nar- 
rowness of the band of plotted points in 
the scatter diagram and by the magni- 
tude of the correlation coefficient, shows 
that the soundness of a sand with mag- 
nesium sulfate may be estimated very 


*H. Walter Leavitt, “‘A Method of Evaluating Concrete 
Data by Correlation,” ASTM Buttetin, No. 91, . 
1938, p. 15; or Maine Technology Experiment Station, Paper 
No. 22, March, 1938. 
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Fic. 2.—Scatter Diagram—Absorption versus 
Standard Soundness. 


means that the soundness of a sand may 
be estimated very closely from the ab- 

sorption test. 


CONCLUSIONS 


The conclusions derived from this 
study of absorption and soundness of 
Maine sands may be summarized as 
follows: 

1. The absorption test can be com- 
pleted in about one ninth of the time 
required to complete a soundness test 
when the samples are dried to constant 


weight. 
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2. Drying the sand samples to con- 
stant weight results in fairly close check 
tests, 46 per cent closer than when dried 
for only seven hours. 

3. The relationship between the 
soundness and absorption tests is highly 
significant, as shown by the correlation 
coefficient, (r = 0.8056 + 0.0301). 

4, The soundness of a sand with mag- 
nesium sulfate may be estimated very 
closely from the absorption test. 

5. The high relationship between the 
soundness and absorption tests indicates 
that both tests measure similar charac- 
teristics of a sand. 

6. The relationship between the 
soundness of a sand and the soundness of 
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the 14-mesh fraction is extremely high, 
the correlation coefficient being 0.9469 
+ 0.0089. 

7. The soundness of a sand may be 
estimated very closely from the sound- 
ness loss of the 14-mesh fraction. 

8. Taking into consideration both the 
significant and highly significant cor- 
relation coefficients, the soundness may 
be estimated by means of any one of the 
three following equations: 


Soundness = 1.65 + 6.0010 owe cent 
absorption) . . (1) 


Soundness = 0.95 + 0.7263 (14-mesh 


Soundness = 4.24 — 0.3131 (per cent P-48) + 
0.2305 (per cent P-100) + 0.7245 (sound- 
ness loss on 14-mesh fraction)..... (3) 
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STRESS CONDITIONS FOR THE FA 


ILURE O 


F SATURATED CONCRETE 


AND ROCK 


SCOPE OF INVESTIGATION 


This paper deals with the stress condi- 
tions for the failure of saturated concrete 
and rock.2 The water which occupies 
the voids is assumed to be under pres- 
sure. In practice such a condition pre- 
vails in the water which percolates 
through the concrete of a gravity dam 
and the rock located beneath the dam. 
In the laboratory the stress conditions 
for the failure of such materials could be 
investigated by means of the test ar- 
rangement shown in Fig. 1. A cylindri- 
cal specimen, covered with a watertight 
membrane, is immersed in water under 
pressure pe. The specimen is completely 
saturated with water, and the pore water 
communicates through the voids of a 
porous stone with water under a pres- 


sure “. The pressure , is smaller 
than p-. It can be expressed by an 
equation 


Uw = pe — Pe 


wherein p, represents the difference be- 
tween the total confining pressure and 
the pore water pressure. To the all- 
around pressure p, a «unidimensional? 
pressure g per unit of area is added, and 
this pressure is increased until the speci- 
men fails. The value of gq at failure will 

!Consulting Engineer and Lecturer on Engineering 
Geology, Graduate School of Engineering, Harvard 
University, Cambridge, Mass. 

*In this paper the term rock refers only to quasi- 

tropic (statistically isotropic) rocks of sedimentary or 


igneous origin. Schists and amorphous rocks are beyond 
its scope. 

*The term unidimensional pressure indicates in con- 
trast to the three-dimensional all-around pressure fp, a 
Pressure which acts parallel to a line. 


By K. Terzacur 


be referred to as the confined compressive 
strength, qe. 

Since it would be rather difficult to 
carry out the test illustrated by Fig. 1, 
an attempt will be made to evaluate g, 
on a semi-empirical basis. No attempt 
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Fic. 1.—Test Arrangement for Determining In- 
fluence of Pore Water Pressure on Confined 
Compressive Strength. 


of this kind has any prospects for success 
unless the details of the processes which 
lead to failure are clearly understood. 
Therefore the investigation will be car- 
ried out in the following steps which 
proceed from relatively simple to more 
complex conditions: 

(a) Investigation of the mechanical 
causes of the failure of concrete and 
rock with empty voids, under unidimen- 
sional compression, g per unit of area. 
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} (b) Investigation of the effect of a 
confining pressure p, on the strength g- 
of specimens with empty voids. 
(c) Investigation of the corresponding 
effect of a confining pressure exerted by 
_ a@ liquid under a pressure #, which per- 
_meates the voids of the specimen. 
(d) Investigation of the effect of a 
confining pressure p, on the strength of a 
“Specimen in which the voids are filled 
with a liquid under pressure u~ < pe. 
_ Thus the problem will be solved step 
_ by step until all the data required for 
drawing the final conclusions are as- 
sembled. 
The unidimensional pressure per 
unit of area which is superimposed upon 
» confining pressure p, will briefly be 


called the unit load. The term normal 
stress, indicated by o, represents the 

normal component of the force which 
pe on a plane section through a speci- 
men divided by the entire area of this 
section. Hence the value o represents 
the average pressure on the section. 
The normal stress On any section through 
‘a specimen immersed in a liquid under 
pressure p, iso = pf. If the voids are 
empty, the entire stress o is carried by 

the solid. If they are filled with water, 
part of it may be carried by the water. 


‘Types AND CAUSES OF FAILURE UNDER 
UNIDIMENSIONAL COMPRESSION 


Experience shows that axially loaded 
cylindrical specimens fail either by gen- 
eral disintegration or else by separation 
along one or several surfaces of fracture. 
_ These surfaces may intersect the direc- 

tion of the load at any angle between 
0 deg. and about 30 deg. as shown in 
Fig. 2. The failures along planes in the 
direction of the load will be referred to as 
splitting failures. A failure by sliding 
along a plane intermediate between a 
_ splitting and a shear plane will be called 
a failure by pseudo shear because it in- 
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volves simultaneous 
shearing. 

Failure by splitting seems to be due 
to an intergranular wedge action. ‘This 


process is illustrated by Fig. 3, which 


| 


splitting and 


(a) (b) 


Fic. 2.—Types of Failure. 
(5) Shear failure. 


(a) Splitting. (c) Pseudo-shear. 


Fic. 3.—Diagrammatic Representation of the 
Mechanics of Splitting Failures. 


shows a section through a fragment of a 
porous, quasi-isotropic material. The 
material consists of rounded particles 
which are inter-connected by solid bonds 
such as a, b,c,dande. A vertical pres- 
sure tends to destroy the bonds a, 4, ¢ 
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and d by bending or shear, and that at e 
by tension. If such a material fails by 
splitting, we are obliged to assume that 
the failure in the bonds subject to ten- 
sion preceded failure in the others. In 
accordance with the definition of the 
term stress, the normal stress on the 
section A-—B through the specimen is 


Tension | Compression 


Fic. 4.—(a) Real Distribution of Stresses on 
Potential Surface of Splitting of Dry Specimen 
Under Unidimensional Pressure. (b) State of 
Stress on Surface of Splitting of Dry Specimen 
Under Triaxial Compression, at Instant of 
Failure. 

equal to zero. Yet, at the bonds 

oriented like that at e, the tension can 

become large enough to cause failure. 
The mechanics of the splitting failure 
of a specimen of a quasi-isotropic, crys- 
talline material subject to unidimen- 
sional compression are illustrated by 

Fig. 4(a) which represents a vertical 

section through part of the surface of 
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failure. The average normal stress on 
this surface is equal to zero. But since 
the material is only statistically isotropic, 

the normal stress is only statistically 
equal to zero. By dividing all the nega- 

tive forces which act on the section by | 
one half of the total area of the section, 

the negative scatter stress —o, is ob- 
tained. The positive scatter stress 

+o, represents the compression force 

per unit of area of the other half. Since 

the average stress is equal to zero, the 

two scatter stresses must be equal and 
opposite. If the average stress on a 
section is o, approximately one half of 

the section is acted upon by an average 
stress of about o — o, and the balance by 

o + 

Failure by splitting starts as soon as 
the maximum scatter stress (abscissa 
of the peak A on the left-hand side of 
Fig. 4(a)) becomes equal to the real 
tensile strength of the material. This 
maximum scatter stress is considerably 
greater than the average. However, 
since the tensile strength is customarily 
defined as the average force per unit of 
the total cross-sectional area at which 
the specimen fails, the splitting stress 
at failure is also taken as the total force 
which produces the splitting failure di- 
vided by the area on whici this force 
acts (one half of the total area of the 
splitting plane, including the voids). 

Failure by splitting is not strictly 
comparable to failure by pure tension 
because the mutual displacement of the 
individual constituents which precedes 
these two types of failure is somewhat 
different. However, owing to the ab- 
sence of reliable information concerning 
the mechanical effect of this difference, 
it will be assumed that the specimen 
fails by splitting as soon as the scatter 
stress —a, becomes equal to the tensile 
strength g, of the material. Since the 
failure is exclusively produced by the 
scatter stress —o,, this stress will be 
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referred to as splitting stress. If the 
average normal stress on a potential 
surface of splitting is o, the specimen 
does not split until the splitting stress 
becomes equal! to 


_ In contrast to a pure splitting failure, 
a pure shear failure depends not on the 
scattering of a stress from the average 
stress but on the average itself. Hence 
in contrast to the splitting failure, the 
shear failure of quasi-isotropic materials 
is governed by the same laws as the 
shear failure of really isotropic materials, 
but it is very doubtful whether any 
quasi-isotropic material fails in this 
manner except under very high effective 
confining pressure. 


EFFECT OF CONFINING PRESSURE ON 
STRENGTH OF SPECIMENS 
witH Empty 

The influence of a confining pressure 
p. on the strength g, of specimens with 
empty voids can readily be investigated 
by means of triaxial compression tests 
on dry specimens protected by a water- 
tight membrane. Tests of this type 
have been made by von Karman (5)‘ on 
marble, Richart, Brandtzaeg, and Brown 
(9) on concrete, and by Roé and Eichin- 
ger (10) on concrete, marble, and several 
other materials. All these tests demon- 
strated that the strength g, of concrete 
and rocks increases rapidly with increas- 
ing values of the confining pressure, as 
indicated in Fig. 5(a) and 5(6). Figure 
5(a) represents the test results for por- 
celain and Fig. 5(b) for marble and con- 
crete. For concrete, Richart obtained 
the approximate empirical relation 


wherein g, is the unconfined compressive 
strength of the concrete commonly re- 
ferred to as standard compressive strength. 


4‘Lhe boldface numbers in parentheses refer to the 
list of references appended to this paper, see p. 791. 
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The oldest and most commonly ac- 
cepted theory of the influence of the con- 
fining pressure on strength is Mohr’s 
theory. It is based on the tacit assump- 
tion that the scatter stresses are equal to 
zero. Hence the theory is unable to 
account for failures by pseudo shear and 
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Fic. 5.—Relation Between Confining Pressure 
and Confined Compressive Strength for 
Porcelain, Marble, and Concrete. 


by splitting. Furthermore, according to 
Mohr’s theory, the shearing resistance ol 
the material is equal to 


s=ct+oaf(c) 


wherein c is an empirical constant called 
the cohesion, o the normal stress on the 
section, and f(¢) an empirical function 
of o. The value c (shearing resistance 
for ¢ = 0) is assumed to be a constant for 
each material and independent of the 
stress history. In reality, the shearing 
strength c of some materials such as neat 


| 
( 
I 
} V 
b 
Pp 
1 
t 
V 
| 3+ 
Marble W 
Cl 
fo 
2 ty 
= tl 
| | Concrete 
/ ki 
to 
fa 
979.93 di 
054/ at 
Wl 
pa 
th 
se 
of 
ca 
cer 
ob 
of 
tic 
to 
| 
cei 
no! 
(R 
rer 
qu: 
phe 


cement is very considerably and perma- 
nently increased by the temporary appli- 
cation of a high, confining pressure 
whereas the shearing strength of others 
may be reduced or even destroyed. This 
fact constitutes a second discrepancy 
between Mohr’s theory and reality. 
Nevertheless, the theory serves a useful 
purpose because, in spite of its simplicity, 
it gives at least an approximate concep- 
tion of the stress conditions for the failure 
of quasi-isotropic materials such as rocks. 
With little or no confining pressure, the 
position of the surfaces of failure may be 
very different from what Mohr’s theory 
would lead us to expect. But with in- 
creasing confining pressures, the errors 
become less and less important, because, 
for reasons to be discussed below, the 
type of failure approaches more and more 
that of a pure shear failure. 

It is always of considerable interest to 
know the structural changes which lead 
to the failure of a material. The mere 
fact that a surface of failure intersects the 
direction of the largest principal stress 
at a given angle does not indicate to 
what extent the scatter stresses partici- 
pated in producing the failure. But if 
the test results are graphically repre- 
sented by Mohr’s circles, the slope angle 
of the potential surfaces of pure shear 
can be derived from Mohr’s diagram, by 
means of a well-known graphical pro- 
cedure. By comparing the angle thus 
obtained with that of the real surfaces 
of failure, the importance of the devia- 
tion of the type of failure from one due 
to pure shear can be ascertained. 

More recently Brandtzaeg has con- 
ceived a theory which takes the phe- 
nomenon of splitting into consideration 
(Richart et al. (9)). The theory accounts 
remarkably well for the .transition of 
quasi-isotropic materials from the elastic 
into the plastic state and various other 
phenomena, but it disregards the exist- 
ence of voids. Therefore it is unsuitable 
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as a basis for investigating the influence 
of the pore water pressure on strength. 
In order to investigate this influence, it 
is necessary to take the real structure 
of the material into consideration and to 
analyze the real causes of failure. 

In spite of its apparent complexity, the 
failure of every quasi-isotropic, granular 
material can be resolved into one or more 
of the following four components: 

1. Failure by tension in the bond be- 
tween grains. 

2. Failure by tension within grains. 

3. Failure by shear in the bond be- 
tween grains. 

4. Failure by shear across grains. 

The results of compression tests on a 
considerable number of quasi-isotropic, 
nonmetallic materials including marble 
and cement mortar have shown that the 
failure of these materials at low confining 
pressures is primarily due to tension and 
shear between grains (pseudo-shear fail- 
ure, 1. + 3.). With increasing con- 
fining pressure, the shear across grains 
becomes more and more frequent (failure 
types 1. + 3. + 4.) and at very high 
confining pressures, the shear occurs al- 
most exclusively within the grains (type 
4) (Ros (10)). 

If a material such as porcelain fails 
only by splitting, the slope angle « of the 
Ge—p- line in Fig. 5(a) can easily be 
determined. The procedure is_ illus- 
trated by Fig. 4(6). The figure shows 
a vertical section through the potential 
surface of splitting. If the specimen is 
acted upon by a confining pressure /-, 
the normal stress o on this surface is 
equalto p.. Failure by splitting requires 
(Eq. 1) the splitting stress ¢, to become 
equal to the sum of the normal stress ¢ = 
p- and the tensile strength gq, of the 
material, 


The splitting stress o, is due to the 
action of wedges driven by the uni- 
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dimensional excess pressure g- which 
causes the failure. Therefore, it seems 
reasonable to assume that the splitting 
stress o, increases in direct proportion to 
ge At pe = O, ge is equal to g,, and 
o, = gq. Since o, can be assumed to 
increase in direct proportion to q., we 
can write 


u 


Combining Eq. 3 with Eq. 3a we obtain 
= +h) = qu t+ pe (4) 
qt 


The slope angle « of the corresponding 
Je—fc line in Fig. 5(a) is determined by 
the equation 


tan k = 
qt 


wherein g, is the standard compressive 
and g, the standard tensile strength of 
the material. This equation was pub- 
lished by Ros (10). He found it to be in 
remarkable agreement with the results 
of his triaxial compression tests On por- 
celain. Porcelain seems to be the only 
material which is known to fail solely by 
splitting. The ratio g,/q: for the tested 
specimens was equal to 14.5 which is un- 
usually high. Under uniaxial compres- 
sion, the specimens failed by pure split- 
ting along one or two surfaces. Under 
triaxial compression, they broke up quite 
suddenly into numerous splinters whose 
longest dimension was oriented parallel 
to the direction of the pressure on the 
specimens. For porcelain, the value q-, 
Eq. 4, is equal to 


g-(kg. per sq. cm.) 


The highest confining pressure p, which 
was applied during the tests was 1000 kg. 
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per sq. cm., corresponding toa value g, = 
21,200 kg. per sq. cm. However, at a 
pressure of 15,700 kg. per sq. cm., the 
top bearing plate failed, whereupon the 
test had to be discontinued. 

Concrete and most rocks fail by 
pseudo-shear rather than by pure split- 
ting. Hence, the influence of the con- 
fining pressure on the shearing resistance 
of these materials must also be taken into 
consideration. Experience has shown 
that the resistance against shear across a 
mineral grain at pressures of less than 
several hundred atmospheres is_prac- 
tically independent of the normal stress 


In tergranulo 
Matrix 


Fic. 6.—Magnified Section Through Surface of 
Shear in Granular Material. 


on the shear plane (Polanyi (8), Sachs 
(12), Griggs (3)). Therefore, the observed 
rapid increase of the shearing resistance 
due to an increase of the confining pres- 
sure indicates that the failure is due 
chiefly to a failure of the connection be- 
tween the grains. The corresponding 
surface of sliding is uneven, as indicated 
in Fig. 6(a). If the material located 
above the surface of sliding moves to- 
wards the right, the intergranular con- 
nections located on the right-hand slopes 
of the humps fail by tension and the 
others by shear. The force required to 
rupture the connections by tension is 
likely to be considerably smaller than the 
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force required to break them by shear. 
Therefore the connections on the right- 
hand slopes of the humps will be dis- 
regarded. Whatever the details of the 
intergranular connections and the poros- 
ity of the intergranular boundary zones 
may be, the direction of the movement 
associated with the failure rises at some 
angle 6 to the plane A-B as indicated in 
Fig. 6(@) by the arrow M. The force 
required to sever the solid connections 
between the grains is c per unit of area of 
A-B. It is assumed to be independent 
of stress. Since A—B is acted upon by a 
normal stress o per unit of area, the 
shearing stress s required to sever the 
connections and to produce a displace- 
ment in the direction of the arrow M can 
be determined by means of the polygon 
of forces a-b-c shown in Fig. 6(a). It is 
equal to 


= (c+ sin 


= — +o tané 
cos 

The normal stress ¢ is equal to the sum 
of the confining pressure p, and the sup- 
plementary stress ¢, produced by the uni- 
dimensional pressure g which is super- 
imposed on the confining pressure, 
whence 


+ (pe tan 6. . (6) 

In Fig. 6(a) all the humps are shown 
to be similar to each other. In reality 
some of them have gentle slopes and 
Others steep ones, as indicated in Fig. 
6(b). Here and there a grain will be 
twisted out of its seat by rotation. The 
humps with the steepest slopes will fail 
by shear across the hump, and the resist- 
ance against such a failure is independent 
of the normal stress. But the majority 
of the humps will be overridden, and it is 
the displacement along the slopes of these 
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gentle humps which causes the deviation 
cf the direction of the movement from 
that of A-B. 

If the area occupied by the intergranu- 
lar connections in Fig. 6(a) is very small 
compared to the total surface of the inter- 
granular boundaries, two factors tend to 
produce an additional increase of the unit 
shearing resistance s. First of all, even 
a small confining pressure acting on a 
confined specimen produces a high con- 
centration of pressure on the intergranu- 
lar matrix. At low pressures the shear- 
ing resistance of this matrix is probably 
independent of the pressure. But at 
very high pressure the shearing resistance 
of every solid which has been tested up 
to this time increases rapidly with in- 
creasing pressure (Bridgman (1)). Sec- 
ond, the confining pressure p, produces 
new contacts between the grains which 
did not exist before p, was applied. At 
the new contacts, the slippage is resisted 
by the frictional resistance which must 
be added to the shearing resistance of the 
intergranular connections. If f is the 
coefficient of friction of grain on grain, 
the greatest value which the frictional 
resistance can assume per unit of area of 
the surface of sliding iso f. It increases 
the shearing resistance on the rough sur- 


face by 


The total unit shearing resistance s, is at 
least equal to the sum of sy and s, Eq. 6 


= + (pe + (tan 6+ 


cos 


cos 6 


= (pe + —— 


sy = 
cos 6 


On any rough surface of sliding, the 


5 If a rock contains anisotropic crystals, a shearing 
stress of long duration may cause these crystals to rotate 
very slowly until their cleavage planes coincide with the 
shear plane. However, this paper deals only with stresses 
of short duration. 
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resistance against overriding the humps 
increases with increasing values of the 
normal stress = + o, whereas the 
resistance against shear across the grains 
is nearly independent of the normal 
stress. With increasing pressure an in- 
creasing percentage of the total area of 
shear cuts across grains. Therefore, the 
rate of increase of the shearing resistance 
decreases with increasing normal pressure. 


EFFECT OF PORE WATER PRESSURE ON 
STRENGTH 


The preceding discussions have left no 
doubt that the increase in strength due 
to the increase of the confining pressure 
p- On specimens with empty voids is 
chiefly due to the fact that the grains 
themselves are very much stronger than 
the bond between the grains. Otherwise 
the failure would take place across the 
grains, and, as a consequence, the 
strength would be practically independ- 
ent of the confining pressure. As a mat- 
ter of fact, the strength of steel, which 
fails only across the grains, decreases 
slightly with increasing confining pres- 
sure instead of increasing (Ros (11)). 

It has also become evident that the 
strength of the specimens depends on the 
pressure which is carried by the bond 
between grains along the potential sur- 
faces of failure. The state of stress in 
the grains is irrelevant. If the voids of 
the specimen are empty, the normal 
stress due to a confining pressure p, is 
entirely carried by the solid material 
which constitutes the bond. An inva- 
sion of the voids by a liquid under pres- 
sure p, does not alter the stress, but it 
reduces that part of the stress p. which 
is carried by the bond. Therefore it 
reduces the strength. The magnitude of 
the decrease depends on the degree of 
continuity of the intergranular bond. 
This degree can be expressed by the ratio 
of that part of the area of the potential 
surface of failure which is in contact with 


the interstitial liquid and the total area 
of this surface. It will be referred to as 
boundary porosity, np. 

The data required for estimating the 
boundary porosity can be obtained by 
means of compression tests on saturated 
specimens with unprotected surface, im- 
mersed in a liquid under pressure ?,. 
Figure 7(a) represents a section through 
a completely saturated specimen sur- 
rounded with and permeated by water 
under a pressure ~-. While the water 
pressure rises from zero to fp, the 
density of the water increases more than 
the density of the solid. Hence, water 


(a) (c) 


_--Pressure Carried 


| 
| 


Y by the Solid Alone 
(b) ‘Pore Water (d) 
Pressure 


Fic. 7.—Effect of Trapped Air on Stress Con- 
ditions in Uncovered Specimen Immersed 
in Water Under Pressure. 


flows into the voids. However, since the 
total volume decrease of the water is very 
small, the water pressure in the interior 
of the specimen becomes equal to /, a 
short time after the external pressure has 
assumed this value (Fig. 7(0)). In a 
specimen saturated with oil the stress ad- 
justment takes place much more slowly 
than in a specimen saturated with water. 
Therefore water is preferable to oil. 

If the specimen contains air (Fig. 7(c)), 
a large quantity of water must enter the 
voids of the specimen until the pressure 
in the air becomes equal to the external 
fluid pressure. Figure 7(d) shows the 
state of stress while the volume of the air 
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is still decreasing. Since the pressure 
fo in the air is not known, the state of 
stress illustrated by Fig. 7(d) precludes 
a correct interpretation of the test re- 
sults. The transition from the state 
illustrated by Fig. 7(d) to that illustrated 


| 


Fic.8.—Magnified Section Through Surface of 
Splitting in Uncovered Specimen of Granular 


Material Immersed in Liquid Under Pressure pce. 


by Fig. 7(6) may require weeks or 
months. 

To make sure that the test specimen 
does not contain more than a trace of air, 
the specimen should be dried at 105 C. 
prior to the test and then saturated under 
vacuum. The success of this operation 
can be checked by keeping the specimen 
under liquid pressure p, for one or two 
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days while all valves are closed. If the 
specimen contains an appreciable volume 
of air under a pressure of less than p,, the 
pressure in the liquid will drop because 
the volume occupied by the air is still 
decreasing. Any departure from the 
procedure recommended in this para- 
graph may preclude the possibility of 
correct interpretation of the test results. 

The effect of the presence of water 
under pressure in the voids on the 
strength of porous materials which fail 
only by splitting is illustrated by Fig. 8. 
If the voids of the specimen were empty, 
a confining pressure p, would increase 
the strength of the specimen from the 
standard strength g, to the confined 
compressive strength g., Eq. 4. As ex- 
plained before, the increase in strength 
is due to the fact that the confining pres- 
sure forces the two halves of the speci- 
men together with a force p, per unit of 
area of the total surface. If the voids 
of the specimen are filled with a liquid 
under pressure ~,, the pressure which 
is transmitted from right to left from 
solid to solid is not p, as in jacketed 
specimens but only p, (1 — mp). Hence, 
in order to compute the compressive 
strength g’, of specimens without a 
jacket, one must replace p, in Eq. 4 by 
pe (1 — mm) whence 


dt 


Solving for m» we obtain = 


Pec Ju 


This equation would make it possible 
to compute the boundary porosity of 
materials, such as porcelain, which fail 
only by splitting, but so far only jacketed 
specimens of such materials have been 
tested. 

Most materials fail by pseudo-shear 
along surfaces of sliding. If the inter- 
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stices along the surface of sliding repre- 
sented by Fig. 6(a) are filled with a 
liquid under a pressure p,, the normal 
pressure which presses the sliding part 
of the specimen onto its uneven seat is 
equal to p, (1 — mp) per unit of area. 
Hence Eq. 6 must be replaced by 


c 


cos 6 
+ [p. (1 ny) tan 6... (9) 


_ Triaxial compression tests on speci- 
mens without jacket have been made 
only on concrete (Terzaghi (13)) and on 
Solenhofen limestone and _ marble 
(Griggs (3)). Both series of tests have 
shown that fluid pressures up to several 
hundred atmospheres have no measur- 
able effect on the compressive strength 
of these materials, whereas equal pres- 
sures acting on jacketed specimens in- 
crease g. very considerably. To account 
for the test results, it is necessary to 
assume that the value of m in Eq. 9 is 
almost equal to unity. In other words, 
the area of actual contact or merging be- 
tween the individual grains could not 
have exceeded a small fraction of the 
total intergranular boundaries. Yet, 
since the volume porosity of both mate- 
rials is very low, the voids must consist of 
very narrow, but continuous slits. 
The presence of a continuous network 
of slits in crystalline and in clastic rocks 
in general is also suggested by the strik- 
ing influence of drying on the compres- 
sive strength of rocks. Complete 
statistics regarding this influence are not 
yet available, but it has repeatedly been 
observed that the immersion of dry rock 
specimens, including specimens of granite 
and other igneous rocks with a very low 
volume porosity, reduces their compres- 
sive strength by amounts up to 10 per 
cent, in exceptional cases even by 20 
per cent.6 There are no known rock 
constituents which decrease in strength 
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upon contact with water. Therefore the 
loss of strength can only be due to one 
of the two following conditions. Part 
of the intercrystalline matrix consists 
of soluble material which goes into solu- 
tion when the dry rock is immersed, 
whereby the intercrystalline connections 
are weakened, or else part of the strength 
of the rock is due to the surface tension 
in that part of the interstitial liquid 
which does not evaporate at room tem- 
perature. Immersion eliminates this 
source of strength as it eliminates the 
entire strength of a dry clay. If the 
boundary porosity m, were equal to or 
only slightly greater than the volume 
porosity (tubular or pocket-shaped 
voids), neither one of these two condi- 
tions could possibly account for a meas- 
urable loss of strength due to immersion. 
On the other hand, if the boundary 
porosity is close to unity, either one of 
the two processes could account for the 
observed phenomena. Hence the effect 
of drying on the compressive strength 
also indicates that the value of m, is 
close to unity. 


WIDTH OF THE VOIDS IN CRYSTALLINE 
Rocks 


If the results of compression tests on 
specimens with and without jacket indi- 
cate that the boundary porosity m is 
close to unity, whereas the volume 
porosity ” is very much smaller, the 
voids must consist of narrow slits with 
an average width d. The width d can 
be estimated by dividing the volume 
porosity 7 by the estimated area a of the 


6 The effect of immersion on strength is commonly 
expressed by the ratio between the compressive strength 
of the saturated and the dry specimens. It is called the 
capelons of softening n. A. Hanisch obtained for 11 
different granites from Austria (cube strength in a dry 
state gq = 1070 to 1923, average 1482 kg. per sq. cm 
values of » between 0.74 and 0.98, average 0.88. For nine 
crystalline limestones from Austria, gq = 618 to 1417, 
average 981 kg. per sq. cm., he found 7 = 0.84 to 0.96, 
average 0.90. M. Gary tested 25 different granites from 
Sweden and Gosmane, 9 = 1163 to 3519, average 2440 kg. 
per sq. cm. and found n = 0.82 to 0.99, average 0.94 
(More complete data can be found in a book by Hirsch- 
wald (4)). 
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intergranular boundaries per unit of 
volume, 


If D is the average grain diameter, a is 
roughly equal to 3/D. 

The porosity of crystalline rocks aver- 
ages 0.02. If the average diameter of 
the mineral constitutents ranges be- 
tween 1 mm. and 3 mm., the correspond- 
ing values of d are between about 7 yu 
and 20 wu. 

An independent estimate can be made 
by determining the coefficient of permea- 
bility k of the porous material; estimat- 
ing the length Z of the intergranular 
boundaries per unit of area of plane sec- 
tions which is roughly equal to 2/D; 
establishing the equation for the rate of 
laminary flow through slits with a width 
d and a breadth L, and solving for d. 
However, reliable data regarding the 
permeability of rocks and other pseudo- 
isotropic materials are still very scarce. 

Some information concerning the per- 
meability of rocks was published by 
Kessler and Sligh (6). Trial computa- 
tions based on these data show quite 
consistently that the values of d com- 
puted on the basis of permeability are 
much smaller than those estimated on 
the basis of the volume porosity. This 
discrepancy suggests that the experi- 
mental values of k are much too low. 
As a matter of fact, considering the 
method of testing, important errors seem 
to be quite inevitable. The tests were 
made by letting the water percolate 
under a pressure of 100 psi. through 
plate-shaped specimens with a thickness 
of 0.5 in. The plates were obtained by 
sawing or cutting. During these proc- 
esses the surface pores became filled 
with rock dust. Subsequent flooding of 
the top of the plates with water under 
high pressure inevitably drove the dust 
still deeper into the pores and clogged 
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the entrance to the channels. The loss’ 
of head due to percolation across this 
filter skin is likely to have been many 
times greater than the loss of head due to 

flow through the unobstructed part of 
the void system. The resulting error 

could have been eliminated by the test 
arrangement illustrated by Fig. 9. The 
cylindrical specimen, with a cross-section — 
area A, is surrounded by a cylinder with 
thick walls and the clearance between the 
specimen and the walls is sealed by a_ 


Water 


Pressure u 
Gas 
Bi 
EY 


Fic. 9.—Apparatus for Determining the Coef- 
ficient of Permeability of Rock Specimens. 


bituminous matrix. G,; and G2 repre- 
sent two pressure gages. The gages 
are connected by tubes and horizontal 
bores, B,; and B., with the interior of the 
specimen. The upper end of the speci- 
men is covered with water under pres- 


sure u. The discharge is Q per unit of 
time or 


per unit of time and unit of area. Since 
the water in the tubes leading from the 
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reading on the gages is not affected by 
any clogging of the walls of the holes 
and By. If is the unit weight of 

the water and p; and fp» the two gage 
readings, the percolation of the water 

from B,; to Bs, through a distance J, 
is associated with a loss of head 


Yu 


E to the gages is stationary, the 


According to Darcy’s law v = kh/I, 
whence 


(10 

h A Toy, pe ) 

Until permeability tests are carried out 

in this or a similar manner, experimental 


determination of the permeability of 
rocks cannot be considered reliable. 


STRENGTH OF CONCRETE AND ROCK IF 
Pore WATER PRESSURE IS LOWER 
THAN THE CONFINING PRESSURE 
In the concrete of a storage dam and 

in the rock beneath the dam, the pore 

water pressure 4, is likely to be con- 

siderably lower than the confining pres- 
sure p.. In this event, it is convenient 
to divide the confining pressure into two 
parts, Pe = pe — and uy, 


pe Pe + Uy 


The pressure p, will be referred to as 

effective confining pressure. Its influence 
‘ on the strength of saturated material is 

practically identical with that of a con- 
: fining pressure p. = p, on the strength 

of a specimen with empty voids. For 
concrete this influence is approximately 
determined by Eq. 2. The influence of 
the second part, #,, depends on the 
boundary porosity as explained before. 
If p- = 0 or pe = uy, the boundary 
porosity of concrete, Solenhofen lime- 
stone, and probably that of all crystal- 
line and clastic rocks is close to one 
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hundred per cent. However, a confining 
pressure p, in excess of u, crowds the 
individual constituents of the materia] 
together and establishes intergranular 
contacts which do not exist if p. = 4, 
These contacts reduce the boundary 
porosity and, as a consequence, they 
reduce the influence of the pore water 
pressure On strength. Once the voids 
are almost entirely closed, the influence 
of the pore water pressure becomes 
negligible. 

The influence of the effective confining 
pressure p, on the boundary porosity 
can be estimated from the relation be- 
tween confining pressure and cubic com- 
pressibility of uncovered and jacketed 
specimens. The cubic compressibility 
8 at a given confining pressure p, per 
unit of area is equal to the ratio between 
the specific volume decrease dv and the 
pressure increase dp, which has caused 
the volume decrease, or 


= dp. 


The cubic compressibility of uncovered 
specimens of a porous material consist- 
ing of elastically isotropic particles of 
the same substance is identical with that 
of the individual particles, because the 
size of the voids decreases in exactly the 
same proportion as the size of the parti- 
cles. This statement also applies ap- 
proximately to concrete and rock. 

If a jacketed specimen of a porous 
material is acted upon by a confining 
pressure p., the individual particles are 
not only compressed but also deformed. 
At low pressures the volume decrease 
is chiefly due to a decrease of the volume 
of the voids. It is associated with a de- 
crease of the boundary porosity m™. 
Hence at low pressures, the cubic com- 
pressibility of the jacketed specimens 
should be much greater than that of the 
uncovered ones. However, as soon as 


|| 

t! 
y 
b 
t! 
Cl 
T 
= t 
a 
d 
t! 
| 
| 
tc 
le 
n 
t 
B 
it 
q 
is 
4 le 
SE 

= 


the voids are completely closed the two 
values become identical, and _ the 
boundary porosity becomes equal to zero. 

In Fig. 10 the lower curve represents 
the results of compression tests on un- 
covered specimens of Rockport granite. 
The upper curve shows the results of 
similar tests on jacketed specimens of 
the same material (Zisman (15)). The 
decrease of the vertical distance between 
the two curves from left to right is indic- 
ative of the corresponding decrease of 
the volume and boundary porosity. The 
diagram indicates that the volume and 
the boundary porosity of the tested 
granite certainly do not become equal 
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Fic. 10.—Relation Between Confining Pressure 
and Cubic Compressibility. (After 
W. A. Zisman) 
to zero at effective confining pressures 
less than 300 or 400 kg. per sq. cm. 
Even at 700 kg. per sq. cm., the porosities 
may still be quite high, because the 
difference between the ordinates of the 
two curves is still very considerable. 

No compressibility curves for concrete 
have come to the author’s attention. 
But since the porosity of concrete is 
much higher than that of a sound granite, 
it is to be expected that the pressure re- 
quired for closing the voids in concrete 
is higher than for granite. 

In connection with engineering prob- 
lems, effective confining pressures of 
more than 10 or 15 kg. per sq. cm. are 
seldom encountered. At such low pres- 
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sures, the influence of the effective con- 
fining pressure on the boundary porosity 
can safely be disregarded. Under these 
circumstances, the compressive strength 
ge Of a material subject to both an effec- 
tive and a neutral confining pressure can 
be determined by means of two series of 
triaxial compression tests, one of which 
must be performed on jacketed speci- 
mens and the second one on specimens 
without a jacket. For specimens with- 
out jacket, the confining pressure is 
identical with the pore water pressure or 
neutral pressure #,. The increase of the 
compressive strength from gq’ to ga 
due to an increase of the neutral pressure 
from #1 tO uy.2 can be expressed by an 
empirical equation 


wherein f, is an empirical value repre- 
senting the test result. The increase 
of the compressive strength of jacketed 
specimens from gai tO ga2 due to an in- 
crease Of the liquid pressure on the 
jacket from p; to pz can be expressed by a 
similar equation 


For the present purpose, it is justifiable 
to assume that f,, and f, are cgnstants for 
the material under investigation. 
Therefore, we obtain on the basis of Eqs. 
11 and 12 for the compressive strength 
ge Of a porous material subject to both 
an effective and a neutral confining 
pressure 


Ge = Qu + futlw + felbe 


For Solenhofen limestone and for con- 
crete, f, was found to be almost zero. 
Hence for these materials 


Ge = Qut (Pe — tw) fe... ..(14) 


Uw). (13) 
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Considering the results of Zisman’s com- 
pressibility tests, it seems probable that 
this equation is approximately valid for 
all granular rocks subject to effective 
confining pressure of less than 10 or 15 
kg. per sq. cm. 

Equation 14 implies that the indi- 
vidual constituents of saturated concrete 
and rock under moderate effective con- 
fining pressures are almost completely 
surrounded by liquid. Hence the hydro- 
static uplift in concrete and rock at the 
base of storage dams is almost as fully 
active as it is in a cohesionless sand. 
The practical implications of this con- 
dition have been discussed elsewhere 
(Terzaghi (14)). 

In connection with geological prob- 
_ lems, the strength of rocks under effective 
confining pressures of more than several 
hundred atmospheres requires considera- 
tion. At these pressures the volume 
compressibility 8 of jacketed specimens 
becomes almost as independent of the 
confining pressure as that of uncovered 
ones. If at that stage the values of B 
were the same for both types of speci- 
mens, One could assume that the voids 
are closed and that the porosity is almost 
zero. However, the values continue to 
be different as shown in Fig. 10. Hence 
the compressive strength of rocks sub- 
ject to a neutral pressure combined with 
a high effective pressure can be deter- 
mined only by means of the test ar- 
rangement illustrated by Fig. 1. Until! 
such tests are made, the stress conditions 
for the failure of rocks at depth remain a 
matter of opinion. 


CONCLUSIONS 


1. Concrete or rock specimens acted 
upon by a confining pressure supple- 
mented by a unidimensional pressure 
may fail by splitting, pseudo-shear or 
shear. 

2. Experiments have shown that the 


unidimensional excess pressure re- 


quired to break a given specimen de- 
pends both on the total confining pres- 
sure p, and on the porewater pressure 
u,. If the pore water pressure u,, is 
zero, g- increases very rapidly with in- 
creasing values of p,.. On the other 
hand if the pore water pressure 1,, is 
equal to the total confining pressure, 
Uy = pe, the effect of p. on the compres- 
sive strength g, is imperceptible. 

3. An inquiry into the physical causes 
of the striking influence of the porewater 
pressure u,, on the strength gq, of a speci- 
men at a given confining pressure p, 
leads to the conclusion that the indi- 
vidual constituents of saturated concrete 
and rock in a stress-free state are almost 
completely surrounded with liquid. In 
other words, the solid constituents of 
these materials are interconnected only 
over very small areas of their total sur- 
face. The corresponding boundary 
porosity is almost equal to 100 per cent. 
In a material with such a high boundary 
porosity the hydrostatic uplift is almost 
as active as in a cohesionless sand. 

4. By comparing the results of volume 
compression tests on jacketed specimens 


7 Griggs (3) expressed the opinion that the state of 
rocks at great depth may be comparable to that of jacketed 
specimens because, according to Lindgren (7), there is 
ample evidence ‘“‘which indicates that rocks at depth are 
not saturated with water’ (Griggs (3), p. 566). Most 
of the evidence presented by Lindgren refers to visible or 
recoverable water. The present author noticed in a coal 
mine, at a depth of about 2500 ft. below the surface that 
the concrete shaft lining was dust dry. The shafts were 
surrounded by a very porous sandstone saturated with 
water under a hydraulic head of about 2000 ft., which 
caused exceptional difficulties during construction. 
Hence the dryness of the surface of the concrete merely 
indicated that the surface evaporation exceeded the re- 
charge across the concrete shell. If the shaft were 
drowned, the voids of the concrete would be completely 
filled with water under a head of 2000 ft. The permea- 
bility of crystalline rocks such as marble or granite is 
much lower than that of concrete. Hence if the walls of a 
shaft in one of these rocks appears to be dry, one can only 
conclude that the surface evaporation exceeds the re- 
charge and that the fissures in the rock are practically 
closed. It is conceivable and it has been observed that 
highly porous strata located at a considerable depth below 
the uppermost water table contain almost no water. 
However, in such instances the conditions for hydraulic 
equilibrium require that the voids are filled with gas 
under a pressure equal to the depth of the saturated zone 
located above the empty stratum multiplied by the unit 
weight of the water. An exception to this rule is possible 
only if the water table located above the porous stratum 
constitutes an independent, perched water table. The 
pressure in the gas contained in the voids of a rock has 
exactly the same mechanical effect as a porewater pres- 
ty. 
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with those of specimens without any 
cover it is found that the effect of con- 
fining pressures up to 15 or 20 tons per 
sq. ft. on the boundary porosity of con- 
crete and rock is negligible. Since the 
boundary porosity of stress-free speci- 
mens is almost equal to 100 per cent, the 
corresponding boundary porosity of 
specimens under effective confining pres- 
sure of less than about 20 tons per sq. ft. 
is also very close to 100 per cent and the 
constituents of the confined specimens 
are also almost completely surrounded 
with liquid. Therefore, the common 
conception that the hydrostatic uplift 
acts only on one half or two thirds of the 
base of concrete storage dams appears 
to be erroneous. This conclusion could 
be verified by means of the test arrange- 
ment illustrated by Fig. 1. However, 
the results of such an investigation can 
be predicted fairly closely on the basis of 
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the existing experimental data which ~ 
have been analyzed in this paper. | 
5. The compressive strength g, of 
saturated concrete acted upon by a con- 
fining pressure ~, is roughly equal to 


Je = Qu + 4.1 (pe — tw) 


wherein g, is the standard strength and» 
u,, the pore water pressure. The equa- 
tion is certainly valid for values of 
pe — ty of less than about 20 tons per 
sq. ft. and it is probably approximately 
valid for much higher values. 

6. The effect of the porewater pressure | 
on the strength of rocks located between ~ 
a depth of about 100 ft. and 20,000 ft. 
could be determined only by means of 
the test arrangement illustrated by Fig. 
1. Within a depth of about 100 ft., the 
hydrostatic uplift is almost fully active; 
at a depth of more than 20,000 ft. it may 
be negligible, but is not necessarily so. — 
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Mr. Doucitas McHenry! (by letter).— 
In 1942 Serge Leliavsky? reported the 
results of tests in which he measured the 
efiect of pore pressure on the tensile and 
compressive strength of hollow cylinders 
of concrete. He found that the bound- 
ary porosity, m», ranged from 0.85 to 
().98, averaging 0.92, thus providing some 
confirmation of Mr. Terzaghi’s analysis. 
Although Leliavsky’s tests appear to be 
among the best which have been re- 
ported, several points in connection with 
the technique and the interpretation 
must be questioned. For example, the 
distribution of pore pressure was not uni- 
form at the time of failure, and one ques- 
tions whether failure was not influenced 
more by the maximum than by the aver- 
age pressure. Also, the fluid pressure 
acted over a portion of the cylindrical 
surfaces of the specimens as well as in the 
pores, and Bridgman* has shown that 
external pressure applied in this way may 
result inarather pronounced reduction in 
axial tensile strength. The experimental 
determination of 1» is a problem which is 
beset with many possibilities of error, but 
it is doubtless highly significant that 
much of the experimental data indicate 
that 2», may be in the neighborhood of 
0.8 or higher, possibly approaching rather 

lose to unity. 

This matter is of considerable impor- 
tance to the designers of hydraulic struc- 
tures, and on that account the Bureau of 
Reclamation has under way a program 


‘ Bureau of Reclamation Denver, Colo. 
? Serge Leliavsky, “Uplift in Dams,” Nature, Vol. 149, 
Pp. 137-138, (1942). 
7P.W. sridgman, “Considerations on Rupture Under 


Triaxial Stress,” Mechanical Engineering, Am. Soc. Me- 
hanical Engrs., Vol. 61, pp. 107-111 (1939). 
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of triaxial strength tests similar to the 
one suggested by the author. The tests 
have not yet progressed to a stage which 
warrants publication of the results; but 
it is expected that they will furnish some 
of the experimental data needed in con- 
nection with the author’s theoretical 
treatment. The triaxial testing equip- 
ment has been described elsewhere,* and 
it need only be mentioned here that the 
testing machine accommodates speci- 
mens up to 6 by 12 in. in size, and that 
the axial and circumferential pressures 
may be as high as 125,000 psi. 

The author has discussed two mecha- 
nisms by which immersion may reduce 
the compressive strength of rocks: part of 
the intercrystalline matrix may be dis- 
solved, or else immersion may eliminate 
the strengthening effect of surface ten- 
sion of the interstitial liquid. He also 
refers to the fact that the immersion of 
dry rock specimens reduces their com- 
pressive strength “in exceptional cases 
even by 20 per cent,” and cites this as 
evidence that the boundary porosity is 
close to unity. The Bureau of Reclama- 
tion laboratories recently tested twenty 
2 by 4+ in. drill core specimens of a quartz- 
mica schist which showed an even more 
extreme behavior. The average com- 
pressive strength of ten oven-dry speci- 
mens was 13,590 psi., while that of ten 
wet specimens (immersed for 15 days at 


room temperature) was 6430 psi., show- 
ing a reduction of 53 per cent. Modulus 


of elasticity was measured for both the 
wet and dry conditions on each of the 


*R. F, Blanks and D. McHenry, ‘‘Large Triaxial Test- 
Engineer- 


ing Machine Built by Bureau of Reclamation,’ 
ing News-Record, Vol. 135, pp. 171-173, (1945). 


twenty specimens and averaged 2,210,000 
psi. for the dry rock against 1,310,000 psi. 
for the wet rock, or a reduction of 41 per 
cent. The average absorption of water 
by weight was only 0.32 per cent. The 
author has not discussed the effect of 
immersion nor of pore pressure on modu- 
lus of elasticity, and the literature con- 
tains very few test data on this subject. 
It would be interesting to know what 
conclusions Mr. Terzaghi would draw 
from the observation of a roughly parallel 
reduction in strength and elastic modulus 
as a result of immersion. 

Messrs. S. P. Winc® AND ARTHUR 
(by letter)—The interest in 
Mr. Terzaghi’s paper is rather in its 
stimulating hypotheses than in the ex- 
perimental data which, in large measure, 
he draws from somewhat inaccessible 
foreign sources. The discussion which 
follows bears on that part of the paper 
dealing with the mechanics of making 
permeability tests and with the inter- 
pretations of results of such tests. 

Mr. Terzaghi states that “reliable 
data regarding the permeability of rocks 
and other pseudo-isotropic materials are 
still very scarce.” As an example of 
unreliable data yielding permeability co- 
efficients which he suggests are much too 
low, he makes reference to tests of plate- 
shaped specimens of rock only 3 in. 
thick obtained by sawing or cutting. 

It is believed past experience supports 
the position: (1) that there is a skin effect 
from pore clogging in specimens so ob- 
tained, (2) that this skin or end effect, 
unless evaluated and allowed for, could 
lead to large errors in reported test re- 
sults, particularly for thin (short) speci- 
mens, and (3) that errors due to end 
effect might be avoided, at least in tests 
of small-diameter drill cores of fine tex- 
tured rock, by employing much thicker 
(longer) specimens and a test apparatus 


5 Bureau of Reclamation, Denver, Colo. 
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of the type illustrated by the author’s 
Fig. 9. 

If Mr. Terzaghi is of the impression 
that permeability apparatus equipped 
to measure internal pressures is new, he 
will be interested to know that it was 
used, with apparent satisfaction, some 
15 years ago in making tests of 117 by 
12-in. sandstone drill cores from the 
foundation area of Madden Dam. A 
striking feature of these tests was the 
sharp pressure drop in both ends of the 
sawed specimens. 

The end effect is probably more pro- 
nounced in cast concrete specimens than 
in rock specimens, because in addition to 
pore clogging incident to surface treat- 
ment there is the gradation in physical 
structure of the concrete from the in- 
terior to the surface. Moreover, tests 
of concrete are often of long duration, so 
that rust and other water-borne sub- 
stances add to the difficulty of preventing 
surface sealing. 

In the extensive concrete permeability 
investigations for Boulder Dam, the re- 
sults of which were published in 1935%, 
the apparatus used was similar to that 
shown in the author’s Fig. 9 except that 
there was no provision for measuring 
internal pressures. However, the cylin- 
der end effect was evaluated and utilized 
in reducing the experimental data for 
test specimens of various lengths to a 
common basis. Although the corrected 
permeability coefficients were reported 
in terms of a 12-in. length of specimen 
with end effects, they may be readily 
converted to apply to an equal length of 
interior concrete by merely increasing 
the values 50 per cent, inasmuch as a 
12-in. length with end effects was found 
to be equivalent, on the average, to an 
18-in. length without end effects. The 
data derived from the Boulder Dam ex- 


_ A. Ruettgers, E. N. Vidal and S. P. Wing, ‘“‘An Inves- 
tigation of the Permeability of Mass Concrete with Par 


ticular Reference to Boulder Dam,” Proceedings, Am. 


Concrete Inst., Vol. 31, p. 382 (1935). 
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periments and used in making adjust- 
ment for the effect of specimen end condi- 
tion and of other factors such as length 
of cure served another useful purpose in 
that they enabled a rough comparison of 
the results of the Bureau of Reclamation 
tests with those from four independent 
sources. The fact that this comparison 
showed reasonable agreement indicates 
that the author may not be fully aware 
of the quantity of reliable or usable 
permeability data already available, at 
least with respect to concrete. 

There is admittedly still room for im- 
provement in permeability apparatus, 
specimen preparation, and testing tech- 
nique. However, progress in these direc- 
tions is likely to be slow for the reason 
that the successful conduct of a water 
permeability test, particularly of con- 
crete, is dependent on the meticulous 
performance of a host of detail opera- 
tions, and one ill-considered change may 
entail the loss of considerable labor and 
time, if not the entire test series or 
program. Furthermore, innovations 
have a habit of introducing problems 
of their own. 

The current procedure of the Bureau 
of Reclamation differs in relatively few 
respects from that reported in the litera- 
ture in 1936.’ The end effects and 
tendency for pore obstruction are be- 
lieved to have been virtually eliminated 
by using a freshly broken section of 
interior concrete (Fig. 1) for the top 
surface of the cylinder as tested, by 
covering this top surface with a 4 to 6-in. 
filter layer of Ottawa sand composed of 
10 per cent No. 50 to No. 30 and 30 per 
cent No. 100 to No. 50 particles, and by 
substituting compressed air for oxygen 
as the medium for applying pressure to 
the water. The number of seal leaks has 
been reduced by substituting stearin 


_. 'E.N. Vidal and G. A. Samson, “Apparatus and Tech- 
nique for the Bureau of Reclamation Concrete Perme- 
ability Tests,” Proceedings, Am. Soc. Testing Mats., 
Vol. 36, Part I, p. 289 (1936). 


= 


795 


pitch, a byproduct of soap manufacture, 
for the sealing material, and by seating 
the test specimen in plaster of Paris 
before pouring the pitch around the side. 
To obtain the concrete surface illustrated 
by the accompanying Fig. 1, a thin collar 


Fic. 1.—Freshly Broken Surface of Interior 
Concrete Obtained by Forming 
Circumferential Groove. 


is inserted in the concrete cylinder mold 
to form a plane of weakness and the 
cylinder is broken in two just prior to 
placing the test specimen in the perme- 
ability container. By using two collars — 
a freshly broken surface may be provided _ 
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at both ends of the test specimen, as the 
rim produced by the collar affords a plane 
surface for seating. Similar results 
might be obtained with rock cores of 
adequate dimensions by breaking out 
sections, after cutting circumferential 
grooves at planes of desired break, rather 
than by sawing. 

With a satisfactory solution to the 
problem of end effect, the writers see no 
particular advantage in resorting to 
internal pressure measurements in tests 


Fic. 2.—Split Concrete Permeability Specimen 
After Test, Showing Line of Maximum Water 
Penetration and Degrees of Saturation. 
(Pressure face at bottom.) 


aimed primarily at determining the co- 
efficient of permeability, except as a 
means of securing supplemental informa- 
tion for special purposes. On the con- 
trary, the writers envisage a potential 
disadvantage from the inclusion of such 
measurements, aside from the extra 
operations and possible mechanical diffi- 
culties introduced by the added facilities. 
The disadvantage lies in the uncertainty 
that point measurements will be repre- 
sentative of over-all conditions in the 
test specimen. Concrete, and to some 


‘4° 


extent rock, is homogeneous only in qa 
statistical sense if the area or volume 
considered is large enough to contain 
many individuals of the largest aggre. 
gates or rock crystals. With respect to 
percolation, general observation of con- 
crete specimens during and after test 
leads one to suspect that internal flow 
conditions may be highly erratic. For 
example, at the bottom of a 6-in. diame. 
ter cylinder showing outflow it is not 
uncommon to find dry spots along with 
wet spots or with the outflow concen- 
trated at the boundaries of the larger 
aggregates. It seems reasonable to ex- 
pect, therefore, that a pressure reading at 
a single point in a horizontal section 
might show wide divergence from a true 
section average, depending on the perme- 
ability characteristics of the small region 
where the entrance to the proposed 
pressure tube happens to be located. 

A number of years ago a few experi- 
ments were run by the Bureau of Reclam- 
ation on 18 by 18-in. concrete cylinders 
in which hydrostatic pressure indicators 
of the diaphragm type were embedded 
with a view to investigating the intensity 
and distribution of water pressures to be 
anticipated near the upstream face of 
Shasta Dam. ‘The results of these tests 
vere largely negative in so far as meas- 
urement of water pressures is concerned 
because it was found impracticable to 
permeate the specimens without using 
pressures exceeding the capacity of the 
upper pressure cells. Nevertheless, some 
pertinent data were obtained on varia- 
tion in water movement and on pressure 
readings obtained with the substitution 
of compressed air for water. 

The accompanying Fig. 2 shows the 
variation both in water front and degree 
of saturation in the interior of one of the 
specimens. The photograph was taken 
with the cylinder upside down and with 
the line of maximum water penetration 
emphasized with crayon. It was stated 
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ina in the test report that the concrete was __ be reliable, the data at first glance indi- 
ume “saturated” in the region immediately cate a reasonably uniform pressure ~ 
italn surrounding the first pressure cell (along distribution along the cylinder axis. 
vertical center line and 3 in. from bottom Analysis,’ however, reveals the presence 
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cells are also taken intoaccount, the coeffi- 


cient of variation is increased to about 
50 per cent. Measured data on pressure 
variations in horizontal planes are not 
available, but if they are assumed to be 
of the same magnitude as the over-all 
variations in pressure gradients in the 
vertical direction, the showing is none 
too favorable for the author’s suggested 
form of permeability apparatus. 

The surprising feature of the data in 
Fig. 3 is that in spite of the fact that the 
end faces of the test cylinder were merely 
chipped, there is no evidence of the usual 
end effect. In fact, an opposite effect is 
indicated, namely, that the concrete at 
the faces was more permeable than that 
of the interior. 

Mr. D. W. Kess er? (by letter).—Pro- 
fessor Terzaghi should be commended for 
his daring excursion into the theory of 
stresses in materials under compression, 
and it is interesting to see what our ex- 
perimental data lead to. At least one 
of his conclusions is so startling that it 
behooves us to examine our methods 
carefully, and particularly the assump- 
tions involved, to see what we are actu- 
ally determining when we make a com- 
pression test. 

One necessary assumption made in 
connection with the compression test is 
that the load is applied uniformly over 
the pressure faces. Another is that the 
load is applied parallel to the axis of the 
specimen throughout the test. These 
ideal conditions cannot be obtained in 
actual tests for two reasons: (1) it is 
impossible to make plane faces on test 
specimens, and (2) testing machines are 
not perfect. It is a tedious operation for 
a skilled artisan to grind a surface on 
even a small specimen so that no part 


_ of the area departs from a plane by more 


than 1 mil. It seems likely that many 
experimenters assume that the surfaces 


8 Chief, Stone Section, National Bureau of Standards, 
Washington, D. C. 
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are accurate enough without attempting 
to measure them, when in reality they 
may depart from planes by several mils, 
How seriously these irregularities may 
affect the uniformity of loading obviously 
depends upon the size of the specimens 
and the modulus of elasticity of the 
material. Porcelain has a modulus of 
elasticity as high as 40 10° psi., and 
the dimensions of compression specimens 
are usually not greater than 1 by 1 by 2 
in. High spots on the specimens could 
easily result in high load concentrations 
sufficient to cause splitting failures such 
as reported for this material. Contrary 
to the statement that porcelain always 
fails by splitting, men at the National 
Bureau of Standards who have made 
numerous tests on this material, tell me 
they do not obtain splitting failures. 
This discrepancy in data may be due to 
the fact that great care is taken here in 
grinding the bearing faces of specimens. 
It hardly seems logical to ascribe splitting 
failures in porcelain to “intergranular 
wedging action,” because the material is 
so fine grained that a microscope is 
necessary to show that it is granular. In 
about five thousand compression tests 
made on various types of stone, I cannot 
recall ever seeing a splitting failure. If 
one were obtained, I would insist on 
repeating the test, because a splitting 
failure does not give the compressive 
strength of a material. Stones of high 
compressive strength usually shattter 
into so many small pieces that it is 
difficult to identify any of them as cones 
or pyramids. This type of failure is also 
obtained on porcelain. 

About twenty-five years ago I made 
some elasticity and flow tests on the rock 
through which one of the cuts was made 
for the Panama Canal, in connection with 
a study to determine the cause of slides. 
In the course of this work some evidence 
was found that the testing machine was 
not giving a uniform distribution of load 
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on the specimens. The machine was 
dismantled to find the cause of the poor 
performance. Below the bed casting 
four thick rubber washers were found, 
one on each screw between the base of 
the machine and the gears producing 
the loads. As the loads were applied, 
each rubber washer was compressed in 
proportion to its resistance to deforma- 
tion. Since the washers were in various 
stages of disintegration due to oil reach- 
ing them, they allowed the loading head 
to tilt continuously as loads were applied, 
and hence the machine was acting more 
like the jaws of a stone crusher than as a 
testing machine should act. When the 
manufacturer of the machine was advised 
of this, he argued that the rubber washers 
were an outstanding feature of his 
machine. 

This experience aroused some skep- 
ticism as to the performance of testing 
machines in general, and it was decided 
to look into the matter further. A 
material which appeared to be uniform 
was worked up into compression test 
specimens which were finished with 
much more than the usual care. Four 
sets of these were tested here on different 
testing machines, and five sets were sent 
to five of the best known testing labora- 
tories for comparative results. One of 
these laboratories did not take advantage 
of the offer, but the other four made 
tests. This gave comparisons on eight 
testing machines, and the results were so 
variable that a summary is given as 
follows: 


Average of 32 tests on 8 machines.. 18,800 psi. 
Highest average for 1 machine. . 25,600 psi. 
Lowest average for 1 machine... 11,900 psi. 
Highest individual result.......... 26,800 psi. 
Lowest individual result........... 10, 300 psi. 


\ll of these machines had been calibrated 
the usual way, but such calibration 
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checks only the weighing system and 
does not determine such features as may 
affect the uniformity of loading in a 
compression test. Great improvements 
have been made in testing machines in 
the past twenty years, and it should not 
be inferred that the modern ones are apt 
to give such erratic results, but it should 
be noted that the results upon which Mr. 
Terzaghi has based his studies were made 
at various institutions, and many of the 
data were obtained several years ago. 

One type of stress which occurs in a 
compression test seems to have been dis- 
regarded in his analysis, namely, that 
induced by constraint at the ends due to 
friction on the bearing plates. It is 
difficult to predict whether these stresses 
would be significantly large under a con- 
fining pressure test, because the confin- 
ing liquid would probably act as a lubri- 
cant thereby minimizing the frictional 
forces. 

The conclusion that the boundary 
porosity in concrete is nearly 100 per cent 
leads one to wonder how this material 
could have any appreciable tensile 
strength in a saturated condition. Tests 
made here on common mixtures of 
concrete cured in damp storage and 
tested without drying have given tensile 
strengths from 300 to 600 psi. Many of 
the fractures passed through quartz 
pebbles. 

In order to make proper deductions 
from the results of compression tests 
under two or more conditions, it seems 
desirable that the tests should all be 
confined to one material which is much 
above the average in homogeneity. The 
tests should all be made on one testing 
machine and preferably checked on one 
or more others. Particular care should 
be taken to prepare all of the specimens 
with bearing faces as near to plane 
surfaces as possible. 
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Mr. K. Terzacut (author's closure, 
by letter) ——Mr. McHenry has observed 
that immersion reduced both the com- 
pressive strength and the modulus of 
elasticity of a hard quartz-mica schist by 
roughly fifty per cent. This interde- 
pendence between the two quantities 
is an analogue to the fact that both the 
modulus of elasticity and the confined 
compressive strength of every cohesion- 
less accumulation of mineral particles 
such as sand increase approximately in 
simple proportion to the confining pres- 
sure. Furthermore, if the compressive 
strength of a specimen of plastic clay 
increases on account of desiccation by 
100 or 200 per cent the modulus of 
elasticity also increases by about the 
same amount. Since desiccation in- 
creases the modulus of elasticity of the 
quartz-mica schist, it would be interest- 
ing to find out whether a confining pres- 
sure acting on a dry specimen has similar 
effects. 

Messrs. Wing and Ruettgers raise 
various objections against the method 
which the author proposed for deter- 
mining the coefficient of permeability of 
rocks. The method proposed by the 
author is a common-place one in soil 
testing, but the author was not aware 
that it has also been used in connection 
with rocks. The shortcomings of the 
method are quite obvious. Therefore, 
the author was pleased to learn from the 
discussions that very much better meth- 
ods are already available. He hopes 
that they may be used before long to 
get some information on the permeability 
of the most common crystalline rocks. 

Mr. Kessler doubts the existence of the 
splitting failure. This type of failure 
was described in detail and discussed in 
the various publications of the Eidge- 
néssische Materialpriifungsanstalt in Zii- 
rich. It constitutes one of a great 
variety of failures of quasi-isotropic 
materials which have been observed. 


At present the concepts which have been 
worked out by the Swiss investigators 
regarding the processes which lead to the 
failure of quasi-isotropic materials are 
the only comprehensive and rational 
ones we have. Considering the influence 
of the method of testing on the type of 
failure, alternative concepts based on the 
results of tests made in American lab- 
oratories would be very desirable, but so 
far none has been presented. 

Regarding the failure of porcelain, the 
author refers Mr. Kessler to the photo- 
graphs in reference 10. The types of 
failure described by Mr. Kessler differ 
no less radically from the ideal shear 
failure than the splitting failure described 
by the Swiss investigators. Therefore, 
they must be considered as pseudo-shear 
failures. For the time being the wedging 
hypothesis is the only rational explana- 
tion of the pseudo-shear failures which 
has been proposed. ‘The author cannot 
agree with Mr. Kessler’s objections 
against this hypothesis, because the size 
of the grains is irrelevant. It changes 
the linear scale, but not the pattern of 
the internal forces which lead to failure. 

Mr. Kessler further refers to striking 
discrepancies between the values of the 
compressive strength of specimens of 
identical materials obtained by means 
of different testing machines. Such 
discrepancies are of great interest from 
the point of view of testing technique 
but they have no bearing on the conclu- 
sions presented by the author since none 
of them was based on a comparison 
between test results obtained with dif- 
ferent testing machines. 

In the last part of his discussion Mr. 
Kessler raises the question whether the 
high tensile strength of a material is 
compatible with a very high boundary 
porosity. This question has often been 
asked before. The answer seems to be 
that the resistance against the tension 
failure of minute connecting links be- 
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tween grains is determined not by the 
empirical but by the real strength of the 
material. On account of the stress 
concentration at the walls of micropores 
and haircracks the empirical strength of 
large specimens does not exceed a small 


fraction of the real strength of the tested 
material. This has been known to 
physicists for many decades. Hence to 
explain the great strength of the bond 
between grains it is sufficient to assume 
that these bonds are flawless. 
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EFFECT OF TYPE OF TEST SPECIMEN ON APPARENT 
COMPRESSIVE STRENGTH OF CONCRETE 


By BRYANT MATHER! 


SYNOPSIS 


Two programs of strength testing are reported, in each of which concrete 
from the same sample or batch was tested using cither drilled cores or molded 
cylinders for comparison with modified cubes. A total of 2375 strength 
tests were made and from the resulting data it is suggested that the choice 
of type of specimen may considerably affect the compressive strength value 


obtained for the concrete. 


The compressive strength of concrete 
is, in standard practice,? calculated in 
pounds per square inch from the average 
cross-sectional area of a nominal 6 by 
12-in. cylinder and the total load indi- 
cated by the testing machine at the time 
of failure. Procedures by which this 
standard cylindrical specimen should be, 
molded, consolidated, stored, prepared, 
and loaded are specified in detail.?-* 
It has been shown that the compres- 
sive strength value will be considerably 
affected if any of several of the details 
of the specified procedure are varied. 
Notwithstanding the relative sensitive- 
ness of the standard procedure, two other 
methods, using different types of test 
specimens, have been accepted as stand- 
ard by the Society for use in the deter- 
mination of the compressive strength 
of concrete. In one case* the specimen 

1 Engineer, Central Concrete Laboratory, Corps of 
Engineers, U.S. Army, Mount Vernon, N. Y. 

2A.S.T.M Standard Method of Test for Compressive 
Strength of Molded Concrete Cylinders (C 39-44), 1944 
Book of A.S.T.M. Standards, Part II, p. 470. 

3A.S.T.M. Standard Method of Making and Curing 
Concrete Compression and Flexure Test Specimens in the 
Field (C 31-44) /bid., p. 466 and A.S.T.M. Tentative 
Method of Making and Curing Concrete Compression 
and Flexure Test Specimens in the Laboratory (C 192-44 
T) Ibid., p. 1344. 

4A.S.T.M. Standard Methods of Securing, Preparing, 


and Testing Specimens from Hardened Concrete for Com- 
‘pressive and Flexural Strengths (C 42-44), /bid., p. 460. 


contemplated is a cylindrical, drilled 
core of unspecified length and of a diam- 
eter at least three times the nominal 
maximum size of the coarse aggregate 
used in the concrete. In the other case’ 
portions of beams broken in_ flexure 
(modified cubes) are proposed as test 
specimens. 

Two programs of compression testing 
are discussed below; in the first a com- 
parison is made between cylindrical 
drilled core specimens and portions of 
sawed beams broken in flexure; in the 
second a comparison is made between 
molded 6 by 12-in. cylinders and molded 
beam sections of various lengths tested 
as modified cubes. 


PROGRAM 1—PAVEMENT CONCRETE 


Between September, 1943, and March, 
1945, 258 slabs of pavement made with 
portland cement were removed from 27 
military airfields in the northeastern 
states and shipped to this laboratory 
for test. Compression tests were made 
on both drilled cores and modified cubes 


5 A.S.T.M. Standard Method of Test for Compressive 
Strength of Concrete Using Portions of Beams Broken ia 
(Modified Cube Method) (C 116-44), [bid., 
472. 
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TABLE I.—FIELD CONCRETE—PAVEMENT SLABS, 
Average Compressive Strengths, psi., Corrected to h/d or h/w = 2. 


Location — | Cores Location 
BO-30 No.1 4495 6470 MF No. 17 
No. 2 5140 7895 (Cont'd) No. 18 
No. 1 6020 7375 No. 19 
No, 2 5175 6305 No. 20 
No. 3 5560 6935 No. 21 
No.4 4980 5210 No. 22 
No. 5 5170 5270 No. 23 
No. 6 5325 6285 No. 26 
No. 28 
PH-11 No.1 5075 4365 
No. 2 5205 §215 NY-325 No. 1 
No. 3 5020 5435 No. 2 
No. 4 5095 4965 No. 3 
No. 5 5365 4470 No. 4 
No. 6 4975 $465 No. 5 
No.7 4720 5350 No. 6 
No. 17 4870 4625 No. 7 
BAB No.6 5985 5035 NCA _ No. 18 
No. 7 4990 5300 No. 19 
No.8 4910 4475 
No. 9 4160 4080 NY-193 No. 1 
No. 10 4220 4485 No. 2 
No. 11 4560 4800 No. 3 
No. 
BO-31 No.1 1260 1025 
No. 3 1515 870 PCA No.1 
No. 5 945 1375 
No. 6 1615 1715 PIA No.7 
No.7 1650 1645 No. 9 
No. 8 1200 1185 No. 10 
No. 11 
PH-12, No.1 4750 4535 No. 12 
17 No. 2 4915 5030 No. 182 
No. 3 4440 4620 No. 183 
No. 4 5635 4850 
No. 5 4155 4225 ADB No.1 
No. 6 3155 3010 No. 2 
No.7 4665 5010 No. 3 
NY-324 No. 1 6070 6705 NY-190 No. 1 
No. 2 5215 5765 No. 2 
No. 3 6555 6255 No. 3 
6435 6375 4 
Jo. 656C 6875 No. 5 
No. 6 5530 7515 - No. 6 
No. 7 5870 6465 No. 7 
No. 8 
bO-16 No.1 5505 6180 No. 9 
No. 2 4860 6205 No. A-1 
No. 3 4410 5365 No. A-2 
No. 4 3340 4110 
No. 5 3285 3180 NY-73 No.1 
No. 6 1365 1570 No. 3 
No.7 3080 2730 No. 4 
No. 8 5070 6160 No. 5 
alae No. 6 
LG No.1 5620 5855 
No. 2 4655 5805 NY-149 No. 1 
No. 3 5655 6840 No. 3 
No. 5 
No.1 5130 6165 No. 6 
No. 2 5805 6375 Pi No. 7 
No. 3 5995 6280 ‘ie No. 8 
No. 9 
BMA No.1 5425 4345 No. 11 
No. 4 $535 5445 No. 14 
No. 5 5955 7770 
NY-79 No.1 
PH-14 No.1 5955 6175 No. 2 
No. 2 5035 6390 No. 3 
No. 3 5995 5140 No. 4 
No. 4 4090 5795 No. 5 
No. 5 5215 5295 No. 6 
No. 7 
MF No. 1 2765 3425 No. 8 
_ No. 2 5360 5175 No. 9 
No. 3 4480 4895 No. 10 
No. 4 5600 4680 
No. 5 4965 4855 SAB No. 1 
No. 6 4765 5655 No. 2 
No. 7 4705 5430 No. 3 
No. 8 4785 5095 No. 4 
No. 9 4895 5850 
No. 11 5200 4895 CAB No.1 
No. 12 5155 6525 No. 2 
No. 13 5345 6215 7 No. 3 
No. 4 
.6 


Modified 4 
Cubes | Cores ‘ 
3950 5700 
6320 6715 
5490 6715 
2905 2550 
4760 4175 . 
5890 6750 
5635 6885 
4605 4315 
3945 3810 
6575 5325 
6300 5320 
4600 | 5535 
5900 6900 
4250 4915 
5645 5900 
6270 4850 
4950 5235 
4940 4960 
5300 6825 
4960 6045 
4810 6085 
5110 6380 
4990 6445 
4580 5320 
4575 4540 
5030 4850 
3925 4105 
4875 5245 
5400 6120 
5420 5680 
5105 5715 
«$160 4940 
5945 6325 a 
5030 6205 
5210 5520 
4295 4890 
4835 4050 
3740 3415 
5205 5395 
4010 4160 
4015 4045 
4630 6155 
4785 5310 
4505 5695 | 
4695 5350 
4870 5995 
5460 6005 
5330 4615 
3595 3875 
5435 6320 
4825 4805 7 
4920 4615 
5050 4635 
| 4925 5675 
5215 4810 
4350 } 4970 
4325 5660 
4340 4340 
5620 6350 
4950 5545 
4270 5820 
5730 4715 
6530 | 
5630 5755 
5410 5580 
5430 | 5830 
5895 5855 
5145 5850 
5580 7165 
5380 6840 
4365 5280 
4700 5685 
4965 5515 
5265 5355 
6190 6045 
5855 5680 
5615 5885 
6180 | 6065 
OUS 


804 ‘MATHER ON CONCRETE COMPRESSION SPECIMEN 
7000 - T 

| 
4000 = 

2 | 
WwW 
ev 
an 
2w 3000 AVERAGE CORRECTED (4/D=2) COMPRESSIVE — 
Sa . STRENGTH VALUES FOR ONE PAVEMENT LO- 

3 @ CATION (10 MODIFIED CUBES; 3 DRILLED 
a0 CORES) LOCATIONS 
Ws 
AVERAGE CORRECTED (H/D COMPRESSIVE _ 
2000 STRENGTH VALUE FOR CONCRETE FROM 157 
4 PAVEMENT LOCATIONS 
x : TREND OF AVERAGE CORE STRENGTH AND 
COMPARABLE CUBE STRENGTH — CORE 
1000 STRENGTH GROUPS - 

TREND OF AVERAGE CUBE STRENGTH AND 
-COMPARABLE CORE STRENGTH — CUBE 
STRENGTH GROUPS 
i 


1000 2000 3000 


4000 5000 6000 7000 6000 


CORRECTED COMPRESSIVE STRENGTH, CORES, PSI. 


Fic. 1.—Relationship of Average Compressive Strength Values for Core and Modified Cube Specimens 
Cut from Slabs Removed from Concrete Pavements at Certain Army Airfields. 


TABLE II.—FIELD CONCRETE—PAVEMENT 
SLABS. 


Average Compressive Strengths of Cores and Comparable 
Modified Cubes from the Same Pavement 
Location by Core-Strength Ranges. 


Average Average 

psi. Mo trengt trengt 
Locations psi. psi. 
1000 to 1995. ..... 7 1340 1365 
2000 to 2995 2 2640 2990 
3000 to 3995 ; 7 3410 3475 
4000 to 4995.... 39 4580 4785 
5000 to 5995 55 5500 5100 
6000 to 6995 42 6430 5530 
— 7000 to 7995 5 7545 5645 
Total and Average 157 | 4890 


Average Compressive Santis of Modified Cubes and 
Comparable Cores from the Same Pavement 
cation by Cube-Strength Ranges 


Average | Average 
Number 
Locations psi rid 
| 7 1365 134 
2000 to 2995........... 2 | 2835 2985 
10 3585 3710 
4000 to 4995............ 57 | 4660 5175 
69 | 5435 5895 
Total and Average... | 157 | 4890 5270 


representing material from 157 pavement 
locations. With few exceptions, each 
location was represented by three cores, 
6 in. in diameter and on the average 
approximately 6 in. in height, and ten 
portions of beams, 6 in. square in cross- 
section. A total of 472 cores and 1519 
modified cubes were tested. All speci- 
mens were tested damp and all were pro- 
vided with plane parallel caps of a 
sulfur-silica compound. All values for 
compressive strength were corrected to a 
length-diameter or height-width ratio 
of two by the use of the factors given in 
Section 7 of A.S.T.M. Method C 42. 
The average compressive strength 
values for each type of specimen for 
each pavement location are given in 
Table I and plotted in Fig. 1. The 
average strengths of cores and compar- 
able cubes by core-strength groups, and 
the average strengths of cubes and com- 
parable cores by cube-strength groups are 
given in Table II and plotted i in Fig. 1. 
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ProGRAM 2—-LABORATORY CONCRETE 


In connection with an investigation of 
five portland cements with and without 
interground additions, 42 batches of 


TABLE III.—LABORATORY CONCRETE— 
MATERIALS, PROPORTIONS, AND TEST 
DATA ON PLASTIC MIXTURES. 


Aggregate: Natural Siliceous Sand and Natural Siliceous 
Gravel, Long Island, N. Y. 


§ les 

| 83/3 | eis 

| |Z | sls. 

2 0 < |B /< 
No. 1 5.37 | 6.17 | 214/148.8) 1.1] 38 
No. 2 Plain 5.39 | 6.17 | 3 \149.2| 0.8] 38 
No. 3. 5.41 | 5.96 2 149.1) 0.9] 38 
No. nyp [| 5-41 | 5.60 134 150.3 0.8] 33 
No. | || 9-09% | | 33 
No VR | 5.37 | 

No. 8 0.03% \| 5.21 | 5.37 | 214)143.8] 5.1] 33 
No. 9 Plain 5.38 | 6.24 | 214|149.4! 0.7] 38 
No. 10 | 5.38 | 6.24 | 214/149.2| 0.8] 38 
No. 11 5.26 | 5.67 | 214/146.1] 3.5] 33 
No. 12 5.26 | 5.67 | 214\146.1| 3.5] 33 
No. 13 NVR_}| 5.23 | 5.67 | 214|145.4] 4.0] 33 
No. 14> B {| 0.01% }| 5.22 | 5.67 | 214|145.4] 4.2] 33 
No. 15 5.23 | 5.67 | 2 1145.4] 4.0] 33 
No. 16 || 5.24 | 5.7 145.0] 4.1] 33 
No. 17, R 5.17 | 5.59 | 234]143.7| 5.3] 33 
No. 18 | 0.03% 5.20 5.59 | 214/144.9) 4.5] 33 
No. 19 $.14 | $.58 | 3 1142.5) 6.0] 33 
No. 20 | 5.36 | 6.00 | 2%|148.1| 1.6] 38 
No. 21 Plain {| 5.42 | 6.00 | 2 |149.5| 0.6] 38 
No. 22 5.40 | 6.00 | 2 |149.0| 0.9] 38 
No. 23 NVR {| 5:24 | 5.42 | 4.2] 33 
No. 28 {] 4| 5-25 | 5.42 214|145.5| 4.0] 33 
No. 25 5.17 | 5.42 | 284|143.1] 5.6] 33 
No. 26 R 5.01 | 5.35 | 214)138.8) 8.7) 33 
No. 27 || 0.03% 5-06 | 5.35 | 2|140.3] 7.7) 33 
No. 28 5.05 | 5.35 | 214|140.2! 7.8] 33 
No. 29 | : 5.38 | 6.20 | 214|147.8] 1.3] 38 
No. 30 | Plain 4! 5.40 | 6.20 | 244/148.4| 0.9! 38 
No. 31 5.41 | 6.20 | 2 |148.7] 0.7| 38 
No. 32 | 5.06 | 5.66 | 5 |139.3] 7.9] 33 
No, 33 NVR || 5-14 | 5-53 | 284/141.4! 6.5) 33 
No, 34 0.01% }| 3-14 | 4 /141.1) 6.7) 33 
No. 35 || |! | 5:50 | |140.3| 7.2! 33 
No. 36 |} 5.13 | 5.44 3 140.7] 7.0) 33 
No, 37 5.41 | 6.25 214 148.9] 0.6) 38 
No. 38 Plain {| 5.41 | 6.25 | 234|149.0] 0.6! 38 
No. 39 | 5.40 | 6.25 | 0.7) 38 
v0. | 3. 

No. 42} |} 9-01% | 5.17 | 5.63 | 23 33 


concrete were made from which two 
types of compression test specimens 
were molded. From each batch, at 
least five 6 by 12-in. cylinders and four 
modified cubes, 6 in. square in cross- 
section, were made. The four modified 
cubes consisted of one of each of the 
following lengths: 63, 8, 10, and 12 in. 


A total of 214 cylinders and 170 cubes 
were made and tested. All specimens 
were cured in fog to 28-days age, pro- 
vided with plane parallel caps of a sulfur- 
silica compound, and tested damp. 
The materials used are listed and the 
data from tests of these 42 batches are 


TABLE IV.—LABORATORY CONCRETE. 
Compressive Strengths, psi., corrected to h/d or h/w = 2. 


| Average Modified Cubes 
| of five Height as Tested = 6% in. 
Batch No. | 6 by 


12-in. 6% in. 


8in | 10 in. | 12 in. 
| Cylinders long | long | long | long 
No. 1 | 4695 3310 | 3710 | 4390 | 4065 
No. 2 4595 3715 | 3635 | 4085 | 4025 
No. 3 | 4970 4075 | 4545 | 4985 | 4525 
No. 4 4295 3515 | 4125 | 3910 | 3825 
No. 5 4880 | 4200 | 4710 | 4550 | 3825 
No. 6 | 4060 | 3000 | 4250 | 3890 | 4310 
No. 7 4510 | 3475 | 3625 | 3760 | 3340 
No. 8 | 4400 3805 | 3135 | 3235 | 3625 
No. 9 | 4170 3775 | 4035 | 3750 | 4035 
No. 10 4240 3750 | 3600 3900 
No. 11 3860 3390 | 3185 3410 
No, 12 4390 3760 | 3850 | 4080 | 3810 
No. 13 4555 3770 | 4030 | 4345 | 4085 
No, 14 4490 | 4150, | 3925 | 4260 | 3585 
No. 15 4505 3340" | 3535 | 3635 | 3805 
No. 16 4315 3325 | 3575 | 3625 | 4025 
No. 17 3960 | 3275 | 3300 | 3585 | 3340 
No. 18 4240 | 3500 | 3575 | 3860 | 3550 
No. 19 3730 3525 | 3565 | 3675 | 3215 
No.20 | 4975 4565 | 4245 | 4375 | 4350 
No. 21 5250 3890 | 4515 | 3950 | 4800 
No. 22 5390 | 3925 | 4805 | 5220 | 4810 
No. 23 | 5120 4415 | 4305 | 3975 | 4335 
No. 24 5180 3650 | 4175 | 3585 | 3715 
No. 25 | 4535 3665 | 4175 | 4170 
No. 26 | 3750 2885 | 2970 | 2870 | 3025 
No. 27 3670 2875 | 3215 | 2590 | 2825 
No. 28 =| 3715 3345 | 2970 | 2940 | 2990 
No. 29 4345* | 4565 | 4165 | 4575 | 4495 
No. 30 4590 4290 | 3875 | 3715 | 4300 
No, 31 | 4340 4525 | 3940 | 4240 | 3630 
No. 32 3465 3135 3085 | 3155 
No. 33 | 3935 3300 | 3265 | 3325 
No. 34 | 3555 2715 | 2675 | 2285 | 2615 
No. 35 3365 | 2785 | 2970 | 2970 | 2900 
No.36 | 3625 3075 3165 | 3250 | 3085 
No. 37. | (5120 4225 4425 4565 
No. 38 5490 4450 | 5000 | 5250 | 4485 
No. 39 4870 4120 | 4075 | 4445 | 4850 
No. 40 4625 3700 | 3565 | 3855 | 4285 
No. 41 4710 3390 | 4050 | 3925 | 3760 
No. 42 4770 4050 | 4015 4010 | 3885 


* Average of six cylinders. 
Average of two cubes. 


given in Table III. The compressive 
strength values for each type of speci- 
men for each batch are given in Table 
IV and plotted in Fig. 2. The average 
strengths of cylinders and comparable 
cubes of each length by cylinder-strength 
groups, and the average strengths of 
cubes of each length and comparable 
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cylinders by cube-strength groups are 
given in Table V and plotted in Fig. 2. 
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DISCUSSION OF RESULTS 
Use of Height-Width Correction Factor 
with Modified Cube Data: 

The use of a length-diameter cor- 
rection factor for core specimens is 
specified by A.S.T.M. Method C 42 
but no comparable height-width factor 
is specified for use with modified cubes 


COMPRESSION 


TABLE V. —LABORATORY CONC CRETE. 


SPECIMEN 
ground or capped and then loaded. | 
All of the specimens tested to provide the | 

data discussed in this paper were tested — 
with the load applied in the direction of 
placement of the concrete. It has been 
the practice of this laboratory to employ | 
a correction factor from the table. 
given in Section 7 of A.S.T.M. Method 

C 42 to reduce values obtained from > 
modified-cube tests to comparability 
with 6 by 12-in. cylinders. This prac- 


Average Compressive Strengths of Cylinders and Comparable Cubes from the Same Batches by 
Cylinder-Strength Ranges, psi. 


Modified Cubes 


Cylinder Strength Range, ees of | Cylinders 
psi. atches 
| 6% in. long 8 in. long 10 in. long 12 in. long 
il | 3695 3080 3120 3045 3080 
25 | 4525 3815 3920 4065 4015 
vee 6 5260 4095 4535 4405 4450 
Total and Average........ 42 | 4410 3660 3800, | 3820 


Av erage Compressive Strengths of Modified Cubes and Comparable Cylinders from the Same Batches by 
Cube-Strength psi. 


| 6% in. Long Cubes 


| 8 in. Long Cubes 


10 in. Long Cubes | 12 in. Long Cubes 


C 116, published as tentative in 1935 and 
adopted as standard in 1936, was sup- 


ported by test data developed by L. H. 
Koenitzer. Koenitzer’s data® indicated 
that a modified cube, tested on its side, 
would give a compressive strength value 
comparable to that obtained by testing 
a standard cylinder. In 1939 Method 
C 116 was amended to provide that the 
top and bottom of the specimen be 


tt, 


*L. H. Koenitzer, ‘‘Modified Cube Compression Test 
Proceedings, Am. Soc. pies Mats., Vol. 34, Part 
Pp. 417 (1934). 


Modified Cube Strength | | | | Ze Seis. | 
Range, psi. | |] | | ey 
Zs | 2 | | 2 | | 28 

2000 to | 2830 | 3655 | 4 | 2895 | 3005 5 2730 | 3610| 4 | 2835 | 3575 
3000 to 3995... 25 | 3520 | 4360 | 20 | asis | | 20 | 3625 | 4325) 20 | 3540 | 4265 
nce | 12 4305 4830 18 4315 4815 17 | 4440 | 4745 18 | 4355 | 4760 
Total and Average........| 42 | 3660 | 4410 42 | 3800 | 4410 42 3845 | 4410 42 4410 4410 
by A.S.T.M. Method C 116. Method _ tice has been based in part on experience 


in previous programs of testing con- 
ducted here and in part on the relation-— 
ships reported by Gonnerman.’ Gon- 
nerman reported that 6-in. and 8-in, 
cubes tested at ages of 7 days to 1 yr. 
gave strengths averaging 18 and 13 per 
cent higher than 6 by 12-in. cylinders. 


7H. F. Gonnerman, “Effect of Size and Shape of Test 
Specimen on Compressive Strength of Concrete,”’ Proceed- 
ings, Am. Soc. Testing Mats., Vol. 25, Part II, p. 237 
(1925). (Reprinted as Bulletin 16, Structural Materials 
Research Laboratory, Lewis Institute, Chicago.) 


= 
| 
a 
IN. 
6 000 | 
| 


808 


All the modified-cube values reported 
in this paper have been so treated.* 
The U. S. Engineer Office, Providence, 
_R.L, in December 1943 provided to this 
laboratory a summary of information 
obtained by them in a survey of opinions 
regarding the advisability of correcting 
modified-cube test values to achieve 
comparability with 6 by 12-in. cylinder 
data. Of the eleven authorities quoted 
in this summary® only one stated that 
in his opinion no correction was needed. 
Three refer to Koenitzer’s work, one 
stating that it showed that no correction 
was needed, one stating that no other 
work was available but making no com- 
mitment, and the third pointing out 
that Koenitzer’s data may not apply 
due to changed procedure. The re- 
maining seven opinions all favor use of a 
correction factor: two make no recom- 
mendation as to what the factor should 
be, one suggests a reduction of 8 or 10 
per cent, two suggest a reduction to 85 
= cent, and two suggest the use of the 
table in Method C 42. 
_ The relationships shown in Fig. 1 for 
pavement concrete (drilled cores and 
“portions of sawed beams) suggest that 
if the use of the correction factors did 
in fact bring the strengths of cores to 
comparability with 6 by 12-in. cylinders, 
then the use of similar factors with the 
-modified-cube values has served to 
_ bring them closer to parity than would 
3 otherwise have been the case. On the 
other hand, the relationships shown in 
. Fig. 2 for laboratory concrete (6 by 12- 
_in. cylinders and molded beam sections) 
suggest that the use of the correction 
factors has served to increase the lack of 
concordance between values from the 
types of specimens. 


§ Using the as-tested height-width ratio of the cube 
to select the proper factor. 

* Since specific permission has not been obtained from 
1 the contributors to this survey to publish their comments 
_ the authorship of the individual opinions is not given. 
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Length of Portion of Beam Used in Com. 
pression Test: 


Section 2 of A.S.T.M. Method C 116 
requires that portions of broken beams 
selected for the compression test shall 
have a length not less than 2 in. greater 
than the depth of the beam. Hence 
of those cube specimens tested in Pro- 
gram 2 only those of 6}-in. length would 
be unacceptable from this standpoint, 
The averages shown in Table V indicate 
that beam sections with a length of from 
2 to 4 in. greater than the depth ap- 
proach more nearly the average strength 
of the comparable cylinders than do 
sections of either greater or lesser 
length. The data, therefore, seem to 
justify the requirement as to minimum 
length. The trend toward lower 
strengths among the specimens of length 
6 in. greater than the depth is not 
understood. 


Variation of Comparability with Strength 
Range: 


Analysis of the results of both pro- 
grams suggest that the relationship of 
strength values obtained from the types 
of specimens compared is not a linear 
function but varies with the strength 
range of the concrete.!° The trend of 
the averages for core and comparable 
cube strengths shown in Fig. 1 indicates 
that for core strength ranges up to 5000 
psi. the average strengths of the com- 
parable cubes is uniformly close to and 
slightly greater than the core strengths. 
Above 5000 psi., however, there is 4 
marked falling off in the average strength 
values for the comparable cubes, for 
example, in the 6000 to 7000-psi. core 
strength range the strength of the com- 


10 J. C. Pearson, Discussion on “Effect of Height of 
Test Specimens on Compressive Strength of Concrete, 
ASTM Buttetin, No. 120, January, 1943, p. 21, cites cases 
in which there was an indication that the ratio of height 
to diameter of specimen does not have so much effect on 
low-strength mixtures as upon high-strength mixtures 
and suggests that the ratio might vary with the absolute 
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parable cubes is but 86 per cent of that 
of the cores. The four trends of the 
averages shown in Fig. 2 for cylinder and 
comparable cube strengths reveal a 
similar but less well-developed tendency, 
perhaps because the highest cylinder 
strength range for which data are avail- 
able is that between 5000 and 6000 psi. 


CLOSURE 
The data given in this paper are pre- 
sented as information in the hope that 
they may contribute to the general fund 
of knowledge on the subject of compres- 
sive strength testing of concrete. The 


‘author feels that from the data here pre- 


sented he can make no specific suggestion 
regarding procedures which might be in- 
corporated in existing methods of cal- 
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culating compressive strength values. 
Since no direct comparison of values 
obtained from 6 by 12-in. cylinders 
with those obtained from drilled cores 
is reported, no direct estimate can be 
made of the validity of the /d correction 
factor now specified for use with cores." 
It is felt, however, that data of this sort 
may ultimately provide the basis for 
the establishment of such correction- 
factor relationships as are necessary to 
bring the values for compressive strength 
of concrete, regardless of the type of 
specimen used, to parity with each 
other. 

"1 James W. Johnson, “Effect of Height of Test Speci- 
mens on Compressive Strength of Concrete”, ASTM But- 
LETIN, No. 120, January, 1943, p. 19 


J. Tucker, Jr. ‘Effect of Length on the Strength of 
Compression Test Specimens,”’ see p. 976. 
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Mr. H. Water Leavitt! (by letter). — 
Mr. Mather has presented an interesting 
discussion on height-width factors for 
concrete specimens, and it is very evident 
from his presentation that a very large 
amount of work has been done. 

Of possible interest in this connection 
may be the results of a small research 
project in this laboratory by Mr. Robert 
B. Bradford. Mr. Bradford used 2-in. 
prisms and all of the ratios listed in A.S.- 
T.M. Standard Methods of Securing, 
Preparing, and Testing Specimens from 
Hardened Concrete for Compressive and 
Flexural Strengths (C 42 — 44)? with the 
All of his specimens 
were made from plastic mortar in which a 
very careful synthetic grading of the sand 
was maintained. The results are given 
below and each factor is the average of 13 
individual tests. 


h/d Factor 
1.024 
0.5 0.6501 


The paper could be greatly improved 
by the inclusion of suggested strength 
correction factors similar to the above 
which might be used in any laboratory, 
and it is believed that such information 
would be greatly appreciated by those 
having to write specifications for the 
future. 

1 Secretary, Maine Technology Experiment Station, 


Orono, Maine. 
21944 Book of A.S.T.M. Standards, Part II, p. 460. 


“DISCUSSION 


Mr. M. O. Witney? (by letter).—A set 
of experiments‘ made at the University of 
Wisconsin in 1935 corroborates the evi- 
dence in Mr. Mather’s paper. In the 
Wisconsin tests all concrete was placed 
with an internal vibrator. The modified 
cubes were obtained from portions of 6 
by 8 by 72-in. beams. They were 
loaded on 6 by 6-in. portions of the top 
and bottom surfaces as molded in the 
beams. The ratio of least width to 
height was 0.75 and the lengths of the 
beam portions so tested were about 10 in. 
The day before testing, the modified 
cubes were capped with neat Incor ce- 
ment tempered with 2 per cent of calcium 
chloride. Six modified cubes and three 6 
by 12-in. cylinders were made per beam. 
The aggregates were sand and gravel. 
From concrete with a water-cement ratio 
of 0.47, by weight, 132 modified cubes 
and 66 cylinders were tested, and from 
concrete with a water-cement ratio of 
0.62, 204 modified cubes and 102 cylin- 
ders were made. 

The average ratio of the strength of 
well-vibrated cylinders to the companion 
beam fragments was 0.97 for the con- 
crete with water-cement ratio 0.47, and 
0.95 for the concrete with water-cement 
ratio of 0.62. The compressive strengths 
of the two grades of concrete averaged 
about 5000 and 3500 psi., respectively. 

Additional information on this subject 
is also afforded by some auxiliary com- 
pressive strength tests of mortars used in 
some reinforced brick masonry column 


3 Professor of Mechanics, University of Wisconsin, 
Madison, Wis. P 

4M. O. Withey, “The Effects of Frequency of Vibra- 
tion in Making Concrete Beams,” Proceedings, Highway 
Research Board, p. 217 (1935). 
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tests’ at the same institution. 
pressive strengths of the mortars were 
determined in both 2 by 2-in. cubes and 


in 2 by 4-in. cylinders. Three cubes and 
three cylinders were tested per batch. 
Both cylinders and cubes were capped on 
their top surfaces with a thin layer of 
plaster of Paris one day before testing. 
A total of 54 cylinders and 54 cubes was 
made of mortar of 1 lime:3 cement:12 
sand proportions, by weight. The aver- 
age ratio of the strength of cylinder to 
strength of cube was 0.99 and the average 
compressive strength of both types was 
2335 psi. Thirty cylinders and 30 cubes 
were also made of mortar of 1 lime:3 
cement:7.5 sand proportions, by weight. 
The average ratio of the strength of cylin- 
der to the strength of cube was 1.03 and 
the average compressive strength was 
3567 psi. 

Mr. J. Tucker, JR.® (by letter).—Mr. 
Mather’s paper is an addition to the al- 
ready voluminous proof that there is no 
“true’’ compressive strength of a specific 
concrete. The data illustrate the futility 
of seeking arbitrary and fixed conversion 
factors to transform the strength ob- 
tained in one type specimen to an equiva- 
lent strength which would theoretically 
be obtained in a specimen of other dimen- 
sions. It has been shown’ that even for 
the relatively simple transformation into 
the equivalent strength of specimens dif- 
fering in length only, the transformation 
factor will vary with the strength of the 
concrete, or with the scatter in strength 
of the material. For performance tests 
of the material to check specification re- 
quirements the particular test specimen 
should be specified. 

Mr. Mather, in discussing the 
strengths of “modified” cubes in tests 
made on 6-in. square prisms varying from 


°M.O. Withey, “Tests on Reinforced Brick Masonry 
Columns,”? Proceedings, Am. Soc. Testing Mats., Vol. 34, 
Part II, p. 387 (1934). 

*Chief, Cement and Concreting Materials Section, 
‘ational Bureau of Standards, Washington, D. C. 
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6} in. to 12 in. in length, states that “the 
trend toward lower strengths among 
specimens of length 6 in. greater than the | 
depth is not understood,” and that the 
specimens ‘of length from 2 to 4 in. 
greater than the depth approach more 
nearly the average strength of the com-. 
parable cylinder than do sections of | 
either greater length or lesser length.” 
As a matter of fact, there is no significant 
difference between the strengths of the — 
specimen of 8, 10 and 12 in. in length. 
This can be demonstrated by statistical 
analysis. 

There is, however, a distinct difference 
in strength between the 6-in. cube and 


the longer specimens. This may be ex- 
plained, at least partially, by the statis- 
tical theory of the strength of materials, 
assuming that compressive failure occurs 
in a plane or planes inclined to the axis. 
Referring to the accompanying Fig. 1(a), 
failure in the 8-, 10-, and 12-in. specimen 
can occur in two planes (ABGH and 
CDEF) whereas in the cube, failure can 
occur not only in these two planes, but 
also in two planes (ADGF and BCHE, 
not shown) through an axis perpendicular 
to the axis of the planes of failure for the 
longer specimens (see Fig. 1(b)) 

From the statistical theory of the 
strength of materials’:*, the strength of 


Fic. 1 


7 J. Tucker, Jr., “Effect of Length on the Strength of 
Compression Test Specimens,’ see 976. 

8 J. Tucker, hy “The Effect of Dimensions of Speci- 
mens Upon the Precision of Strength Data,”’ see p. 952 . 
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the true cube may be computed from the 
strength of the longer specimen (modified 
cube) if we know the standard deviation 
of the strength of the longer specimen. 
This standard deviation may be obtained 
from Mr. Mather’s data as follows. If 
we assume no significant difference in 
pordiasr between the specimens of 8, 10, 
and 12 in. in length, the data in Table IV 
_ on these three lengths for each batch may 
be viewed as tests from the same uni- 
"verse. Using the method of ranges of 
A.S.T.M. Manual for the Presentation of 
- Data, we determine the difference, for 
each batch, between the highest and the 
‘  Jowest value in the last three columns of 
Table IV. The mean difference for all 
42 batches is found to be 402 psi. From 
the Manual, this equals 1.693 01; hence 
o;, the standard deviation for individual 
specimens, is 238 psi. 
from Tippett’s tables*® the 
theoretical reduction in strength for n = 
2, is 0.560:, or 0.56 X 238 = 136 psi. 
The actual difference in strength is 162 
psi. Thus the theory explains 82 per 
cent of the strength difference. 

Mr. Bryant MATHER (author’s clo- 
sure, by letter).—The test data presented 
by Messrs. Leavitt and Withey form a 
welcome addition to the author’s paper. 
The author is particularly grateful to 


9L. H. C. Tippett, “On the Extreme Individuals and 
the Range of Samples Taken from a Normal Population,’ 
Biometrika, published by University College, London, 
England, Vol. 17, p. 364 (1925). 


Mr. Tucker for his valuable statistical 
discussion which provides considerable 
theoretical background for the proper 
appreciation of the significance of the 
data set forth in the paper. With re- 
gard to Mr. Leavitt’s observation that 
the paper could be greatly improved by 
the inclusion of suggested strength cor- 
rection factors as information that would 
be greatly appreciated by those having 
to write specifications, the author can 
only restate his feeling that the data as 
presented permit him to make no such 
specific suggestion. Mr. ‘lucker sug- 
gests that it is futile to seek such ar- 
bitrary and fixed conversion tactors 
and feels that for performance tests to 
check specification requirements, the 
particular test specimen should be speci- 
fied. The author is in complete agree- 
ment with the suggestion that a strength 
requirement in a specification must also 
specify the type of test specimen and 
that conformity with such a specification 
cannot be determined by transformation 
of values obtained by testing specimens 
of other types. It remains, however, 
the belief of the author that as the rela- 
tionships between values obtained from 
the testing of specimens of different 
types and different strength ranges be- 
come better known, these relationships 
may prove of considerable assistance to 
workers who desire to correlate data 
from tests performed on specimens of 
different types. 
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AUTOMATIC ACCELERATED FREEZING-AND-THAWING APPARATUS 


FOR CONCRETE 


SYNOPSIS 


A detailed structural and operational description is given of a newly de-| 
veloped apparatus for automatically and rapidly freezing and thawing 3} 
The temperature of the capacity load 
of 102 specimens is reversed from 42 F. to 0 F. and from 0 F. to 42 F. in a 
Typical results of tests to determine the influence of aggregate 
type on the durability of concrete made with and without an air-entraining 
admixture are presented to illustrate the practicability of using the appara-_ 
tus for acceptance testing based on freezing and thawing. 


by 4} by 16-in. concrete specimens. 


2-hr. cycle. 


A standard procedure for the deter- 
mination of the potential resistance of 
concrete to frost action and to thermal 
shock has been a goal of the concrete 
testing fraternity ever since durability 
was recognized as an economic and 
structural problem. The importance of 
the problem has resulted in the appoint- 
ment of numerous committees of testing 
engineers for study and recommendation; 
numerous separate researches have been 
conducted by private, educational, and 
public agencies, and numerous methods 
and devices have been used and are now 
in use in an effort to provide an adequate 
procedure for the test. 

It is recognized that the resistance of 
concrete to frost action is a complex 
function of the many variables poten- 
tially present in the composition of the 
hardened product and in the method of 
test. The chemistry of the cement, the 
degree of hydration, the quality of the 
hydration product; the nature, grading, 
and thermal properties of the fine and 


'Engineer-in-Charge and Engineer, respectively, 
Central Concrete Laboratory, Corps of Engineers, U. S. 
Army, Mount Vernon, N. Y. , 


CHARLES WUERPEL! AND HERBERT K. Cook! | 


coarse aggregate; the homogeneity of 
the mixture are some of the variables 
which might be termed controllable or 
voluntary. The rate of cooling, the 
degree of cooling, the rate of warming, 
the degree of warming, the shape of the 
specimen, the relative degree of moisture 
saturation of the aggregate and of the 
matrix are independent variables which 
affect the history of the resistance of the 
controlled concrete to frost action. 

It is patently impossible to duplicate 
in the laboratory conditions of weather- 
ing to which any particular element of 
a structure will be exposed. Some struc- 
tures will be subjected to many and fre- 
quent reversals of freezing and thawing 
due to exposure to sunlight and mild 
temperature in the daytime and tem- 
peratures below freezing at night—under 
highly varying conditions of moisture 
saturation. The degree and depth of 
frost penetration of each cycle will be 
functions of the mass of the concrete and 
the ambient temperature. Other struc- 
tures will be subjected to continuous very 
low temperature throughout long periods 
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during which the surface may or may not 
thaw as affected by sunlight, snow cover, 
or rain. Still other structures are ex- 
posed to various degrees of temperature 
and moisture at and near the water line. 
In some cases, freezing may be sudden 


_and severe, in others very slow and either 


mild or severe. Therefore, it is hardly 
within the scope of the imagination that 
a standard test procedure is possible 
which will permit definite correlation 
with service of the structure. It appears 
to be obvious, too, that a procedure 
which requires months for the develop- 
ment of significant data is impractical 
since the case is unusual rather than 
ordinary where a period in excess of 28 
days is available for testing the quality 
of materials proposed for use in a particu- 
lar project. It appears to the authors 


that the goal should be limited to a pro- 


cedure which is highly reproducible and 
sufficiently severe and rapid to permit 


_ determination of the potential relative 
durability of the concrete in question in 


sufficient time to make the data useable 
on the basis of an acceptance test. 

It was the thought of the senior author 
that a procedure should be devised in 
which all of the conditions of the test 


- would be constant and in which the re- 


sults should be available within a period 
of 28 days after receipt of the materials 
in question at the laboratory. In pur- 
suance of this thought it was decided to 
devise an apparatus which: (a) would be 
entirely automatic and require no move- 
ment of the test specimens during the 
desired reversals of temperature, (d) 
would develop thermal gradients of a 


severe but highly reproducible nature, 


and (c) would maintain a constant mois- 
ture saturation influence. The premises 


upon which the mechanical design was 


based were: (a) reduction in specimen 
temperature from 42 + 2F. to0 + 2F. 
in 1hr., (6) elevation of the specimen 
temperature from 0 + 2F. to 42 + 
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2F. in the second hour, (.) repeated 
reversals of this cycle to the number de- 
sired, (d) immersion of the specimen at 
all times in water, and (e) uniform ther- 
mal effects on all specimens tested. 

The specimen decided on was 3} by 
45 by 16in. in dimension. Such a 
specimen would: (a) lend itself well to 
determination of dynamic modulus of 
elasticity by vibro-electronic means, 
permit the use of coarse aggregate of 
1 or 1} in. maximum size, and (c) allow 
a maximum number of specimens to be 
tested in a given cubic volume of space. 

It was recognized that the extraneous 
variables introduced during the manv- 
facture and preliminary handling of the 
specimens would still be latently present 
and that no device could give assurance 
of their elimination or control. Elimina- 
tion of extraneous variables inherent in 
manufacture can be obtained only by 
extremely rigid adherence to a highly 
standardized preparation, making and 
storage procedure in which even the 
humidity of the air in the mixing and 
molding zone exerts a noticeable effect 
on the results. Such a manufacturing 
procedure is beyond the scope of this 
paper. 

DESCRIPTION OF APPARATUS 

The major apparatus developed in 
accord with the ideas described in the 
foregoing consists essentially of three 
insulated tanks; one for the cold fluid, 
one for the thawing fluid, and one for 
the specimens; with means for refrigerat- 
ing the cold fluid and heating the thawing 
fluid, and the necessary pumps, valves, 
and controls to circulate the solutions 
through the specimen tank at the re- 
quired temperatures, time intervals, and 
rates of flow. A schematic arrangement 
of the apparatus, showing the principle 
of operation is shown in Fig. 1. The 
apparatus will reduce the temperature 
of one hundred and two 33 by 4} by 
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16-in. concrete specimens to 0 + 2F. 
in 1 hr. and will raise their temperature 


to 42 + 2F. in the next hour. It will 
automatically repeat the above 2-hr. 
cycle for any desired number of cycles 
without attention. The various units 
of the apparatus are described in detail 
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‘Fic. 1.—Schematic Arrangement. 


Freezing-and-Thawing Solutions: 


A solution containing 60 per cent 
specially denatured alcohol (Formula 
3A)? and 40 per cent water is used for 
both the cold and thaw fluids. Alcohol 
was used as the heat transfer medium 
because it permitted construction of the 
apparatus with less critical and less ex- 
pensive materials than would have been 
required for more corrosive brine solu- 
tions. Solutions for both freezing and 
thawing are used at the same concentra- 
‘ions because of the impossibility of 
preventing some intermixing in the 


? Five gallons methyl alcohol ~ 100 gal. ethyl alcohol, 
17 per cent ethyl alcohol by volume 
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specimen tank. The solution of 60 per 
cent alcohol and 40 per cent water has a 
freezing point of approximately —40 F. 
While the average temperature of the 
cold fluid is —20F. the refrigeration 
plate temperatures are as low as —35 F. 
and therefore require a solution that will 
not freeze at less than —40F. Ap- 
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proximately 540 gal. of alcohol and 360 
gal. of water were required to charge the 
system. 


Cold Tank and Refrigeration Equipment: 


The cold tank is lined with 16-gage 
galvanized iron with welded joints and is 
insulated with 8 in. of corkboard covered 
with 20-gage galvanized iron. The in- 
side dimensions of the tank are 21 in. 
depth, 60 in. width, and 126 in. length. 
It contains twenty-five 12 by 108-in. 
refrigeration plates having double radia- 
tion surfaces. The plates are assembled 
in units of five, each unit being controlled 
by a separate multiport thermostatic 
expansion valve. This method of as- 
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Fic. 2.—Automatic Accclerated Freezing and Thawing Apparatus. 
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sembly and operation will maintain the Specimen Tank, Racks, and Containers: 


required temperatures even if one unit 
is not functioning because of a frozen 
expansion valve. An insulated chamber 
is provided on the top of one end of the 
tank to house the expansion valves, re- 
frigerant piping, solenoid vaive, and 
thermostat. The refrigeration is per- 
formed by a 15-hp., 220-v., 60-cycle, 
3-phase, water-cooled condensing unit 
using Freon F-12 as the refrigerant, and 
has a capacity of 69,000 Btu. per hr. 
The capacity of the cold tank with 
plates installed and when filled to within 
2 in. of the top is approximately 550 gal. 
Solution is removed from the bottom of 
the tank through a 2}-in. pump line and 
is returned at the top on the opposite 
end of the tank through a 3-in. gravity 
flow line from the specimen tank. This 
method of inlet and discharge provides 
ample circulation across the refrigeration 
plates and mechanical agitation is not 
necessary. A view of the condensing 
unit, the three tanks, and a portion of 
the 3-in. cork-insulated circulation pipes 
is shown in Fig. 2(a). 


Thaw Tank and Heating Equipment: 


The thaw tank is also constructed of 
16-gage galvanized iron, with 4in. of 
rock wool insulation held in place with 
fir tongue-and-groove sheathing. The 
inside dimensions of the tank are 26 in. 
depth, 35 in. width, and 108 in. length. 
Twelve 1000-w., 220-v., immersion 
heaters are installed across the width of 
the tank 4 in. from the bottom and 8 in. 
apart. The heaters are controlled by a 
thermostat set at 60 F. which actuates a 
40-amp., 220-v., 3-phase magnetic con- 
tactor which operates the heaters. The 
solution in the thaw tank is maintained 
ita depth of 21 in. when not in circula- 
tion and at that depth the capacity of 
the tank is approximately 345 gal. The 
arrangement and size of the circulation 
lines are the same as for the cold tank. 


The specimen tank is constructed of 
12-gage galvanized iron with welded 
joints and is insulated with 8 in. of cork- 
board covered with fir tongue-and- 
groove sheathing. The inside dimen- 
sions of the tank with covers ‘in place 
are 24 in. depth, 34 in. width, and 108 in. 
length. Four removable covers con- 
taining 8 in. of corkboard provide access 
to the tank for insertion or removal of 
specimens. ‘The covers are of the re- 
frigerator-door type and the edges are 
supported by steel channels covered 
with 4-in. Bakelite running across the 
width of and flush with the top of the 
tank. The Bakelite is a frost breaker 
and prevents freezing of the covers to 
the top of the tank. The tank also has 
a 3-in. Bakelite frost breaker running 
entirely around it at a point just below 
the elevation of the bottoms of the covers 
when they are in place, to prevent the 
formation of frost between the walls of 
the tank and the covers. There are two 
3-in. drains in the bottom of the tank, 
centered and at the one-third points of 


the tank length. Two 3-in. overflow 


outlets are provided on one wall of the 
tank centered 17} in. from the bottom 
and also on the one-third points of the 
tank length, which give a solution depth 
of 19 in. when solution is in circulation. 
Solution is pumped into the specimen 
tank through a 2}-in. header pipe run- 
ning along the bottom of the tank, on 
the same side as the overflow outlets. 
The header pipe has three openings 
equally spaced along the tank length, 
the openings being 1, 13, and 2 in., re- 
spectively, to equalize their rate of dis- 
charge. The openings are directed 
slightly downward from the horizontal 
to cause a circular flow of solution across 
the lower portion of the tank and speci- 
mens, up to the opposite side, and back 
across the top portion to the overflow 
outlets. 
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The concrete specimens are placed 
vertically in individual 24-gage gal- 
vanized iron containers with covers, the 
inside dimensions of the containers being 
33 by 43 in. by 21 in. deep. Four racks 
constructed of steel angle, strap, and rod, 
to form.an open structure through which 
solution can circulate freely are used to 
hold the individual containers. The 
racks are identical in size, the dimensions 
_ being such that they will fit through any 
of the four openings in the specimen 
- tank. Each rack will hold 24 containers, 
the containers being kept equally spaced 
from each other by means of a grill at 
the top and another several inches from 
the bottom of each rack. The rack 
also keeps the containers 1 in. from the 
bottom of the specimen tank. The four 
racks will accommodate 96 specimens 
_ but since one of the openings in the 
specimen tank was purposely made 
_ Jarger than the others to accommodate 
odd sizes of specimens such as cylinders, 
there is room for six more specimens in 
this section making the total capacity 
102 specimens. 

The top of the specimen tank is flush 
with the floor of the mezzanine section 
of the laboratory in which the testing 
of the specimens is conducted. The 
racks are lowered into the specimen 
tank by means of a }-ton electric hoist 
suspended from a monorail trolley the 
track of which is attached to the ceiling 
of the mezzanine over the long axis of 
the specimen tank. Figure 2(6) shows 
the specimen tank with covers removed 
and with one rack suspended from the 
electric hoist to demonstrate the method 
of specimen handling; the cards on the 
bulletin board in the background contain 
pertinent information relative to each 
specimen and the arrangement of the 
cards on the board indicates the location 
of each specimen in the tank. 


Pumps, Valves, and Controls: 


Circulation of the cold and thaw fluids 
is accomplished by two centrifugal 
pumps rated at 80 gal. per min. at a 
15-ft. head. The pumps are belt-driven 
by 1-hp., 220-v., 3-phase, explosion-proof 
motors. Belt-driven motors were re- 
quired because of the necessity of insu- 
lating the pumps with cork to prevent 
frost formation which could not be satis- 
factorily accomplished with direct-con- 
nected motor pump units. Since only 
one solution is circulated at a time both 
pumps discharge into a common 2}-in. 
pipe leading to the distribution header 
inside the specimen tank. Leakage of 
solution from one pump line to the other 
is prevented by a check valve and a 
motorized valve installed ahead of each 
pump. Common pipes are also em- 
ployed in the overflow and drain lines 
from the specimen tank, the solution 
being directed to the proper return tank 
by proper valving through four elec- 
trically-operated globe valves, one valve 
each for the cold and thaw fluid drain 
lines, and one each for the cold and thaw 
fluid overflow lines. Since the specimen 
tank is at a higher elevation (approxi- 
mately 4 ft.) than the cold and thaw fluid 
tanks, overflow and drainage from the 
specimen tank is accomplished by grav- 
ity flow through 3-in. galvanized-iron 
pipes. All pipe lines are covered with 
brine thickness cork pipe covering. 

Since all valves and pumps are elec- 
trically operated, circulation of the solu- 
tions is made entirely automatic by 
means of a 2-hr., seven-circuit timer and 
a Veeder-Root predetermining counter. 
The timer consists of a series of properly 
shaped cams mounted on a common 
shaft driven by a 2-hr. electric clock 
motor. As the shaft revolves the cams 
will open and close the various circuits 
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in their proper sequence. The clock 
motor is wired in series with the pre- 
determining counter which can be set at 
any desired number of cycles and will 
open the clock circuit and thereby stop 
all operation of the freezing-and-thawing 
apparatus when the desired number of 
cycles has been reached. The counter is 
of the ratchet-drive type as compared to 
the revolution type and is actuated by a 
lever arm on a small hydraulic operator 
similar to the operators on the cold and 
thaw fluid pump valves. The operator 
is connected to the seventh circuit on 
the timer and will make one count at the 
end of each thawing cycle. Fig. 2(c) 
shows the counter and its operator and 
also shows the timer with the cover open. 
The seven circuits controlled by the 
timer and the sequence in which they 
operate are given below: 


4 ‘i 
Elapsed Time Cir- | 
| cuit | Con- | Operation 

| 


Num-,) tact | 
Hr. Min. | Sec.| ber 


0 0 0 1 on | Open cold overflow and 
cold pump valves. 


0 1 0 2 | on | Start cold fluid pump. 

0 | O |} 2 off | Stop cold fluid pump. 

0 | 55 0 3 on | Opencold drain valve. 

1 0 0 3 off | Close cold drain valve. 

1 0 0; 1 off Close cold overflow and 


cold pump valves. 
Open thaw overflow and 
thaw pump valves. 
| on Start thaw fluid pump. 
Stop thaw fluid pump. 
on | Open thaw drain valve. 
on Start cycle counting 
mechanism. 


2 0 6 off | Close thaw drain valve. 

2 0 0 4 off Close thaw overflow and 
thaw pump valves. 

2 ei¢e: 7 off | Stop cycle counting 


mechanism. 


Circuits Nos. 2, 3,5, and 6 also operate 
pilot lights which indicate the respective 
phases of operation of the apparatus. 
The pilot lights can be seen directly 
above the timer in Fig. 2(c). 


Liquid Level Safety Controls: 


Without automatic liquid level control 
devices it is possible for any of the three 
tanks to be filled to overflowing because 
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of failure of any of the electric valves to 
operate or because of transfer of solution 
between the cold and thaw fluid tanks. 
In this connection it has been noted that 
there is a tendency toward the slow 
transfer of solution from the cold tank 
to the thaw tank. This tendency is be- 
lieved to be due to the fact that the 
viscosity of the cold fluid is greater than 
that of the thaw fluid resulting in slower 
and more incomplete draining from the 
specimen tank; this causes a cumulative 
slow transfer of solution to the thaw tank 
and requires periodical retransfer back 
to the cold tank at 2- or 3-day intervals. 
Any difference in the level of the cold 
and thaw drain valves or the cold and 
thaw overflow valves will also cause a 
cumulative transfer between the cold 
and thaw fluid tanks, the transfer being 
in the direction of the lowest valve. 
Overflow and loss of alcohol solution 
by either of the above means is prevented 
by a liquid level control probe installed 
in each tank at a point 1 in. below the 
point where overflow might occur. In 
the event that solution touches any of 
the three probes an electric circuit will 
be completed which after amplification 
through a vacuum tube will operate a 
relay, closing all valves and stopping the 
pumps, maintaining the solutions at 
whatever level they may be. The relay 
is of the double-throw type and is wired 
to operate a warning light whenever the 
probe circuits are closed. Correction of 
the trouble and restarting of freezing- 
and-thawing operations can only be made 
by throwing a switch which by-passes 
the probe circuits, permitting correction 
of the trouble by the proper transfer of 
solutions. Since the by-pass switch 
eliminates the protection afforded by the 
probe circuits it is of the type which 
requires a key for its operation to prevent 
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Temperature Records: 


_ The temperature of the cold and thaw 
fluids and the temperature of the circu- 
lating fluid in the specimen tank are 
recorded on the chart of a three-pen 
seven-day recording thermometer. The 
thermometer is shown in Fig. 2(c). The 

_ temperatures of the concrete specimens 
are recorded on a recording potentiom- 
eter by means of a thermocouple em- 
bedded in the center of a concrete speci- 
_men installed in the specimen tank, with 
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the warmer portion passes across the 
bulb as indicated by the sudden tempera- 
ture rise. The sudden drop is of course 
caused by the lowering of the tempera- 
ture of the solution as it gives up heat to 
the frozen specimens. 


OPERATION OF EQUIPMENT AND TESTING 
OF SPECIMENS 


Other than routine checking of liquid 
levels, solution concentrations, and gen- 
eral mechanical operation, the apparatus 
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_ Fic. 3.—Typical Freezing and Thawing Cycles—Automatic Freezer. 


sufficient lead wire to reach the po- 
tentiometer. The normal operating 
temperatures of the cold and thaw fluids 
and the temperature change of the 
thermocouple specimen for three com- 
= cycles are shown in Fig. 3. The 
_ sudden temperature rise of the thaw fluid 
and its sharp drop at the start of the 
thawing cycle is the result of stratifica- 
tion due to the absence of mechanical 
agitation in the thaw fluid tank causing 
higher temperatures at the top of the 
tank. When circulation is started, the 
fluid level in the tank i is drawn down and 


requires no attention other than setting 
the counter to the number of cycles de- 
sired. The apparatus has the distinct 
advantage of requiring no handling of 
specimens except when actual testing is 
required and provides a means of rapidly 
obtaining a large number of highly uni- 
form exposure cycles without attention. 

The normal test procedure of this 
laboratory is to store the specimens in 
moist air at 70 + 2F. for nine days 
after making before subjecting them to 
the accelerated freezing-and-thawing 
test. Iti is also cuabemnany to have con- 


whe 
DF 


| | 
t 
e 
| 
n 
d 
3 
te 
su 
—— Ww 
60 (9 
tit 
=== nal 
du 
the 
| 


Liu 


ting 
; de- 
tinct 
ig of 
ng is 
pidly 
uni- 
ition. 

this 
ns in 
days 
to 


> con- 


trol specimens for each group of test 
specimens. The dynamic modulus of 
elasticity (EZ) of both the test and control 
specimens is determined by vibro-elec- 
tronic methods at the 9-day age. The 
apparatus used in determining the dy- 
namic E is shown in Fig. 2(d). 

The test specimens are normally re- 
moved from the apparatus and their 
dynamic modulus again determined at 
3 cycles, 10 cycles, and thereafter at in- 
tervals not exceeding 27 cycles. All re- 
sults are expressed in terms of relative E 
which is the percentage change in dy- 
namic E; the dynamic E at 0 cycles 
(9-day age) being taken as 100 per cent. 
Freezing-and-thawing cycles are con- 
tinued until the relative E has decreased 
to 50 per cent of that at the 9-day age or 
until the test has been continued for the 
specified number of cycles desired. 
When the freezing-and-thawing exposure 
has been completed and the final deter- 
mination of dynamic £ has been made, 
the specimens are tested in flexure in a 
damp condition, using mid-point load- 
ing. The dynamic and _ flexural 
strength of the control specimens are 
determined at the 28-day age. The 
durability factor (DFE) based on dy- 
namic modulus of elasticity, and the 
durability factor (DFM) based on the 
modulus of rupture are calculated from 
the following formulas: 


PN 
DFE = = 


where: 


DFE = durability factor in per cent of 
the dynamic modulus of elas- 
ticity at 0 cycles, 

relative dynamic modulus of 
elasticity of 50 per cent or 
greater, 

number of cycles at which P 
reaches 50 per cent or the 
ultimate number of cycles of 


= 
I 
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the test if P does not reach 
50 per cent prior to the ultimate 


cycle, and 
M = ultimate number of cycles of the 
test. 
M, 
DFM = —X100 
My 


where: 
DFM = durability factor in per cent 
based on the modulus of rup- 

. ture of stored specimen(s), 

Mz = modulus of rupture of the 
frozen and thawed specimens 
in pounds per square inch, and 

M; = modulus of rupture of the 


stored control specimens in 
pounds per square inch. 
RESULTS 


The automatic freezing-and-thawing 
device described above was completed 
in February, 1945 and has been in con- 
tinuous full-scale operation since that 
time. An entirely similar but smaller 
capacity (25 specimens) device was 
placed in operation in August, 1944 and 
has been operated continuously there- 
after. More than 700 specimens have 
been tested in the two devices embodying 
numerous variables of aggregate, cement, 
air-entraining admixture, and water- 
cement ratio. The results of a major 
portion of these tests have been or will 
be published elsewhere.* The principal 
purpose of this paper is to describe the 
apparatus and its manner of operation, 
only representative results of certain 
test programs will be described to demon- 
strate typical performance of various 
types of concrete in the test. 

Influence of aggregate type on the 
durability of concrete made with and 
without an air-entraining admixture is 


2 Charles E. Wuerpel, “Some Effects of Air-Entrain- 
ment and Coarse Aggregate Type on the Properties of 
anal to be published by the National Crushed Stone 
Assn. 

Charles E. Wuerpel, ‘‘Laboratory Studies of Concrete 
Containing an Air-Entraining Agent’”’ to be submitted to 
the American Concrete Institute for publication. 
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FAST CYCLES OF FREEZING AND THAWING 


Fic. 4.—Influence of Aggregate Type on Durability of Concrete Made with and Without 
an Air-Entraining Admixture. 
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illustrated in Fig. 4. Each of the curves 
represent the average results of three 
runs made on different days. The 
series of tests shown in Fig. 4(a@) was to 
determine the effect of ball-milling as a 
means of improving the durability of 
fine aggregate containing an appreciable 
amount of badly weathered material. 
A highly durable trap rock was used as 
‘coarse aggregate. The symbol A indi- 
cates the unmilled material and the 
numerical symbols 1, 2, and 3 indicate 
samples of material milled for increasing 
periods of time. The symbol B indi- 
cates a sand of normally good service 
and laboratory tests record. The sym- 
bols P and V indicate type II plain 
cement alone and the same cement used 
with an air-entraining admixture, re- 
spectively. The test indicated that the 
sand is considerably less durable than 
the reference sand when tested with 
plain cement and that the milling 
process did not improve durability. 
However, when tested in the presence of 
the admixture, the difference between 
the unmilled sand and the reference 
sand was reduced to a minimum and the 
milling process caused a marked im- 
provement in durability. 

The series of tests shown in Fig. 4(0) 
was to determine the relative durability 
of four types of coarse aggregate. The 
symbols G, H, I and J indicate the 
coarse aggregates and the symbols P 
(type II plain cement) and V indicate 
the presence or absence of the air- 
entraining admixture. The tests with 
plain cement were in close accord with 
results obtained in the magnesium sul- 
fate soundness tests, service record, and 
mineral properties. The tests made in 
the presence of the air-entraining ad- 
mixture indicate a similar but much more 
apparent difference in relative durability, 
plus the indication that the concrete 
made with coarse aggregate J approached 
that of the highly-durable trap rock H. 

The series of tests shown in Fig. 4(c) 
‘as for the purpose of determining the 
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durability of coarse aggregate K as 
compared to the durable aggregate H. 
The results indicate the anticipated 
relative results and, in addition, that the 
use of the air-entraining admixture very 
materially improved the relative dura- 
bility of the concrete containing aggre- 
gate K. Incidentally, the results in- 
dicated for aggregate H in this series are 
in close accord with those indicated in 
Fig. 4(6) although the tests were con- 
ducted at different times. 

The series of tests shown in Fig. 4(d) - 
was conducted to determine the relative 4 
durability of fine aggregate E as com- > 
pared to known-to-be durable fine aggre- 
gate D. The relationship of the results 
are in accord with service record and _ 
other laboratory tests. No admixture _ 
was used in this series. The cement in 
this series was type III and the coarse i ’ 
aggregate was trap rock H. 


SUMMARY 


The automatic freezing-and-thawing 
apparatus has been found to operate 
satisfactorily and has given results to 
date of a degree of reproducibility that 
appear to offer an acceptable means for 
conducting accelerated durability tests 
in a period suitable for “acceptance” 
determinations on the materials used in | 
concrete. Such a method of test is _ 
believed to be preferable to other avail- 
able tests, such as the accelerated sound- | 
ness tests of aggregate, because it per-— 
mits materials for concrete to be tested 


in concrete. This is important, because 
there is evidence that some materials 7 
behave quite differently when tested in f 
a fully unconfined condition than they | 
do when rigidly confined in concrete. : 
The apparatus is relatively costly, the : 
large unit costing approximately $10,000 © 
and the small unit approximately $3000 
but the value of the test is believed to be 
appreciably greater than that of the 
value obtained by determining the 
“strength” of concrete cylinders 


$10,000 compression testing machines. — 
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THE EFFECT OF REPEATED LOADING ON THE BOND 
STRENGTH OF CONCRETE * 


By C. W. MUHLENBRUCH? « 


_ 
SYNOPSIS 


A repeated-loading machine which accommodates six pull-out type speci- 
mens to which load is applied through levers at a rate of 52,000 repetitions 
per 24 hr. is described. Rectangular specimens varying from 5 to 10 in. in 
length and using a §-in. round reinforcing bar were subjected to as many as 

i 5,000,000 cycles of load. It has been found that, as the number of repetitions 
of loading increases, the static pull-out strength decreases. The ratio of the 
static pull-out strength after 5,000,000 cycles to the static pull-out strength 

of pilot specimens not subjected to repeated loading was found to be about 50 

] per cent for specimens 5 in. long and subjected to a load equal to approximately 
50 per cent of the static pull-out load. When the load applied to the specimen 
was reduced to 37 per cent, this ratio increased to approximately 87 per cent. 

_ Values are also reported for the other embedment lengths. Early investi- 
J gational work of the fatigue strength of both plain and reinforced concrete is 


Statement of Problem: 
Considerable investigation has been 
- made to determine the fatigue strength, 
or strength under repeated loading, of 
concrete, both plain and_ reinforced. 
Other investigations have been made to 
study the static bond strength of em- 
; bedded reinforcing bars using the con- 
ventional “‘pull-out” type of specimen. 
Investigators have more recently studied 
the actual stresses in the reinforcing bar 
over the entire length of embedment. 
eZ attempt has been made, however, 
_ to determine the effect of repeated load- 
ing on the magnitude or distribution of 
these stresses, nor has the author been 
able to discover any work done by others 
to determine the effect of repeated load- 
jing upon the ultimate bond strength. 
It is realized that under most design 


* Manuscript received too late for distribution before 
publication in Proceedings. Any discussion that is re- 
ceived for this paper will be published in the ASTM 
BuLLerin and the 1946 Proceedings. 

1 Summary of a thesis submitted in partial fulfillment 
of the requirements for the Master of Science Degree in 
Civil Engineering, Carnegie Institute of Technology. 

2 Associate Professor of Civil Engineering, Carnegie 
Institute of Technology, Pittsburgh, Pa. 


briefly summarized in | the paper and an extensive bibliography is given. 


conditions both the concrete and the 
reinforcing bar are in tension. ‘The test 
method as outlined here incorporates 
concrete which is in compression while 
the bar is in tension. While this con- 
dition may not be the most satisfactory, 
it at least will give a satisfactory ap- 
proach to the general problem. Gilkey, 
Chamberlin, and Beal (1)* have shown 
that “Whether the steel happens to be 
surrounded by tensile concrete, as in a 
beam, or by compressive concrete, as 
in a pull-out specimen, seems to have no 
significant effect either on the nature or 
magnitude of the bond developed.” 
While this conclusion resulted from a 
study of specimens that were somewhat 
different from the short pull-out type 
used for these repeated-loading tests, 
it is some evidence in support of the fact 
that the approach made to the basic 
problem in the tests herein reported is 
satisfactory. 

3 The boldface numbers in parentheses refer to the list 


of references appended to this paper, see, p. 845 
4 Page 7, conclusion 20, of reference (1). 
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Object of Investigation: 


The purpose of this investigation was 
twofold, as follows: 

1. To design and construct a repeated- 
loading testing machine that would give 
satisfactory performance. 

2. To determine the influence of re- 
peated loading on the bond strength of 
steel reinforcing bars embedded in con- 
crete of a constant mix, water-cement 
ratio, and type and grade of aggregate 
and cured for a standard length of time. 


EARLY INVESTIGATIONAL WORK 


The only work relative to this in- 
vestigation and thus far reported has 
been mainly concerned with the effect 
of repeated loading upon the properties 
of various mortars and concretes. The 
first work of this kind was reported by 
Van Ornum (2) in 1903. Two-inch 
cubes of neat portland cement, moist- 


the cured for 4 weeks, were found to fail 
test after 5500 cycles of a load of 55 per cent 
ates of their static compressive strength. 
hile Seven-inch cubes of concrete, the mix 
-on- of which was not given, showed about the 
ory, same result. 
ap- Again, in 1907, Van Ornum (3) re- 
key, ported the results of a continuation of 
own the previous work. In a lengthy in- 
» be vestigation he used a 1:3:5 mix by vol- 
in a ume and specimens moist-cured for 1 
, as month or for 1 yr. Loads were applied 
e no from four to eight times per minute in a 
e or . testing machine converted to this use, 
. and varied from a minimum to a maxi- 
m a mum. ‘Tests were also made on rein- 
vhat forced-concrete beams and on a modified- 
type impact, repeated-load specimen. The 
ests, test results indicated that the endurance 
fact limit for compression is about 50 to 55 
yasic per cent of the static compressive 
d is strength. 
Van Ornum tested reinforced-concrete 

beams at the same speed as the com- 
he list pression specimens. These tests indi- 

cated that the endurance limit of the 
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the static breaking strength of the beams. — 

Van Ornum also made a modified 
repeated-loading test for bond strength. 
A specimen 4 by 4 by 15 in. long was 
cast with a 3-in. plain round bar em- 
bedded parallel to the length and having 
its center 1 in. from the face of the con- 
crete. This block was then supporte 
as a beam with the reinforcing bar in — 
the tension side of the specimen. A 
heavy hammer, cushioned with an oak 
bearing block, struck the specimen at 
mid-span and delivered an estimated 
740 in-lb. of energy. This blow was 
repeated 150 times per minute. Un- 
doubtedly all of the energy expended in 
the blow was not absorbed by the speci- 
men, some being absorbed by the oak 
block and the loading mechanism. Be- 
fore being subjected to this test, the 
average static pull-out strength was 
found to be 150 psi. After 50,000 
cycles of impact loading, the static pull- 
out strength had decreased 17 per cent 
to 125 psi. 

In 1909 Withey (4) reported the re- 
sults of some repeated-loading tests of 
bond specimens made as a part of a 
general study of bond strength. Beam 
specimens were of 5-ft. span, 5 in. square 
at the ends and of smaller depth over 
two thirds of the span so that one rein- 
forcing bar was exposed. The bar was 
thus surrounded by tension concrete. 
Concrete strengths at 28 days ranged 
from 1100 to 2300 psi. A load equal to 50 
to 60 per cent of the static load could be 


beams was not more than 50 per cent - 


repeated an indefinite number of times 
without failure to beams reinforced with 
plain bars, the higher values being found 
for rusted bars. For deformed bars 
this ratio was from 60 to 70 per cent. 
In these tests Withey found that pull- 
out specimens gave bond stresses as 
much as two times those found from 
beams. 

A summary of some preliminary re- 
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peated-loading experiments made prior 
to a proposed extensive investigation 
were given by Kirsch (5) in 1909. Clean 
and rusty bars were embedded in port- 
land and slag cement concretes of 1840 
and 1000 psi., 28-day compressive 
strengths, respectively. Pull-out speci- 
mens were subjected to as many as 50 
repeated loads equal to 12 per cent of 
the static pull-out load for portland- 
cement concrete and 22 per cent for 
slag-cement concrete. When tested to 
failure no reduction in the pull-out load 
due to the previous application of re- 
peated load was observed. The data 
presented, however, show considerable 
variation and actually show a reduction 
in one case and an increase in another. 

In 1922 Clemmer (6) reported the 
results of tests obtained with repeated 
load intended to simulate actual high- 
way use. The results of this investiga- 
tion were also summarized by Older 
(7) in 1924. Clemmer unrein- 
forced concrete beams, 6 in. square and 
36 in. long, 1:2:33 mix by volume. 
Seven of these beams were tested simul- 
taneously by arranging them as the 
spokes of a wheel radiating outward 
from a central hub. The space between 
the beams was filled with solid concrete, 
but the beams were about } in. from this 
filler. Two pneumatic tires assembled 
on wheels and loaded with what was 
then a common wheel loading were ro- 
tated over these beams and passed over 
the mid-span 20 times each per minute. 
Thus, the actual application of load was 
at the rate of 40 cycles per minute. 
When loaded to the extent of 50 per cent 
of the static beam strength, no failure 
was encountered for one group of speci- 
mens after 1,130,976 cycles and no fail- 
ure for another group after 5,000,000 
cycles. When the tire size and wheel 
load was increased to 61 per cent of the 
static strength failure was obtained at 
cycles of from 16,782 to 199,836. The 
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average number of cycles at failure was 
less than 50,000 and the average age of 
the concrete at failure was 174 days. 
Clemmer found the endurance limit of 
concrete beams was from 51 to 54 per 
cent of the static modulus of rupture. 

Crepps (8) in 1923 reported on the 
fatigue strength of mortar as obtained 
from beam specimens. Unreinforced 
mortar beams of a 1:2 mix were cast 30 
in. long and 4 by 4 in. in cross-section 
over the gage length of 10 in., and 4 by 
6 in. in cross-section at the shouldered 
ends. The specimens were rigidly 
clamped at the base shouldered end and 
were loaded by a lever fixed to the upper 
shouldered end so that a constant bend- 
ing moment and stress were produced 
along the entire gage length. Dead 
weights were used for load and were 
raised and lowered 10 times per minute 
onto the lever fixed to the specimen. 
The stresses in the specimen were 
checked by the use of a 10-in. Berry 
strain gage over the reduced portion. 
The endurance or fatigue limit was 
reached within 300,000 cycles and it 
was observed that beams cured for 28 
days showed no definite endurance 
limit at loads equal to from 40 to 60 
per cent of the static ultimate strength, 
beams cured for 4 months had an en- 
durance limit at stresses of from 50 to 
55 per cent of the static ultimate stress, 
and beams cured for 6 months showed 
an endurance limit at stresses of 55 per 
cent of the static ultimate stresses. 

.A short report of work in progress 
under the auspices of the Highway Re- 
search Board was given by Hatt (9) in 
1924. This report found the endurance 
limit within an average of 20,000 cycles 
at a stress of from 50 to 55 per cent of 
the static ultimate for dry mixes and 
about 37 per cent for wet mixes. This 
was the first time any investigator had 
studied the water-cement ratio in con- 
nection with fatigue. Hatt also found 
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that specimens cured for longer periods 
of time had higher endurance limits. 

In 1929 Ewing (10) summarized some 
of this work in a brief article but pre- 
sented no new material. 

One of the most complete investiga- 
tions of the effect of repeated loading on 
concrete and reinforced concrete was 
made at Karlsruhe Institute of Tech- 
nology in Germany and was reported 
(in English) by Probst (11) before the 
Institution of Structural Engineers in 
London in 1931. This report covered 
work which had been in progress for 
ten years prior to that date. Investiga- 
tion was made using portland-cement 
concrete with a cement factor of 0.206 
cu. ft. of cement per cubic foot of con- 
crete. The mix was proportional to 
1:2.7:4.6 by volume and a water-cement 
ratio of 6 gal. per sack. Specimens were 
moist-cured for periods of from 7 to 12 
months. Because of the limitations of 
the capacity of the repeated-loading 
machine, the size of the specimen was 
2.76 by 2.76 in. in cross-section and 15.8 
in. high. Loads were repeated at 60 
cycles per minute. Alternation load- 
ings were chosen which caused lower 
stress limits of 114 psi. and upper stress 
limits of 707, 794, and 1142 psi. These 
were approximately 30, 38, and 47 per 
cent of the ultimate static pull-out loads 
at rupture of similar specimens of the 
same age. 

Additional tests were also made to 
study the formation of fissures in rein- 
forced-concrete beams under repeated 
bending, and their influence on the load 
capacity. Specimens were cast as rect- 
angular beams, reinforced and_non- 
reinforced, with a cross-section 6 by 10 
in. and a span of 6 ft. They were 
loaded symmetrically by two concen- 
trated loads about 2 ft. apart. The 
beams were designed in such a way 
that failure would depend upon the 
yield point of the longitudinal bars. 
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Load applications were repeated 90° 
times per minute. 

Probst found that for compression-— 
type specimens the endurance limit was — 
from 47 to 60 per cent of ‘he ultimate 
static strength. A slight strengthening 
was observed for repeated loads less 
than this value. Observed permanent > 
deformation was found to diminish 
after temporary cessations of loading. 
Reinforced beam specimens showed an 
endurance limit of 50 per cent of the 
static strength. The load or number of 
cycles at which fissures were developed 
was considered the criterion for failure 
in the beam tests. 

Cassie (12) in 1939 reported on the 
results obtained with beams 6 months 
old, loaded at any selected speed be- 
tween 20 to 100 cycles per minute. 
He also observed that the permanent 
deformations increase relative to the 
elastic deformations, and that such de- 
formations are greater in young than in 
old concrete. While the deformation 
of old concrete is mostly elastic, this 
condition may be reached with young 
concrete by preloading. Greater de- 
formations were observed for the speci- 
mens tested at 20 cycles per minute 
than for those tested at faster speeds. 
Most of the observed cracks reached a 
constant value of width after a period 
of load repetition. Cassie also found 
that the endurance limit of concrete 
was about 50 per cent of the static com- 
pressive strength. 

In 1940, Lea (13) reported to the In- 
stitution of Structural Engineers in 
London on the results of an investiga- 
tion that included measurements of the 
strain in three test beams before and 
after repeated loadings. The strain 
measurements showed that the appar- 
ent modulus ratio of concrete beams 
depends on the number of repetitions of 
the load and on movements such as 
creep, and that it varies in beams as 
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nearly alike as it is possible to obtain 
in careful laboratory preparation. From 
the results of repeated-loading tests on 
seven reinforced-concrete beams which 
were subjected to as many as 11,000,000 
repetitions, it was found that the lowest 
load at which the beam will ultimately 
fail under repeated loading is about 70 
per cent of the static breaking strength. 

Lea also gave an account of a few 
tests made to determine the effect of re- 
peated loading on the bond strength 
between concrete and steel. Specimens 
consisted of 3-in. plain rods embedded 
to a depth of 3 in. in a cylinder 3 in. 
in diameter, and made of a 1:3 cement- 
sand mortar. These specimens were 
tested at 2000 cycles per minute for 14 
days in a Haigh type of fatigue-testing 
machine. One series of specimens was 
subjected to repeated stresses varying 
from zero to a maximum, and a second 
series was subjected to stresses varying 
from one value in tension to an equal 
value in compression. In the first series 
of tests, the lowest load at which the 
bond stress failed in fatigue was found 
to be about 300 psi., or about 50 per 
cent of the static bond stress. When 
the bond failed, the rod drew out of the 
mortar. The lowest range causing fail- 
ure was the same for the second series 
of tests and the rod in this case also 
drew out at failure. These observations 
of Lea’s would again seem to justify 
using a specimen where the concrete 
is in compression and the steel in ten- 
sion. 

Other investigators, including Wat- 
stein (14), have shown that the bond 
stresses are not uniformly distributed 
along the bar, but are very high at the 
loaded end and gradually taper out to 
zero at the unloaded end. The average 
bond strength, therefore, does not repre- 
sent the maximum unit bond stress 
present in the test specimen. Failure 
in bond occurs at the loaded end first 


and progresses toward the unloaded 
end. 

In the light of previous work it would 
appear that to subject bond specimens 
of the pull-out type to varying cycles of 
load and then loading them to failure in 
the ordinary pull-out test, would make 
it possible to determine an S-N curve 
(average static bond stress after repeated 
loading versus cycles of loading) for bond 
strength. While not as satisfactory as 
a method which would permit failure 
of the specimen due to repeated load 
only, it was considered to be the most 
likely first step. The general pattern 


TABLE I.—PROPERTIES OF CEMENT. 


Normal consistency, per cent?.................. 27.0 
Vicat setting time, hr.*: 
Tensile strength, 7 days, psi.*,.................. 440.0 
Autoclave expansion, per cent®................. 0.13 
Specific surface, sq. cm. per g.°...............++- 1800.0 


* Standard Specifications for Portland Cement (C 150- 

44), 1944 Book of A.S.T.M. Standards, Part II, p. 1. 
Standard Method of Test for Autoclave Expansion 
of Portland Cement (C 151 -43), Ibid., p. 44. 

© Standard Method of Test for Fineness of Portland 
Cement by the Turbidimeter (C 115 - 42), Ibid., p. 47. 
and trend of the data could be deter- 
mined, and the worth of further in- 
vestigation, involving further variables, 
would be apparent. 

Because of this concept of the scope 
of the work, investigation for the design 
of the testing machine necessitated a 
device that could readily be adapted to 
various types of specimens or to in- 
creased loads. It appeared reasonable 
that the water-cement ratio and types 
of aggregates be maintained constant. 


MATERIALS AND TEST SPECIMENS 
Cement and Aggregates Used in Concrele: 


A standard type of portland cement 
having the physical properties given in 
Table I was used. The cement was 
carefully stored in large galvanized cans 
to prevent segregation and moisture 
changes. 

The Allegheny River sand and gravel 
used for the fine and coarse aggregates 
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TABLE II AND OF 
D AND GRAVE 
GRADINGS 
Allegheny River Sand Allegheny River Gravel 
Sieve Size Percentage Sieve Size Percentage 
Passing Passing 
No. 4 100 1% in. 100 
No. 8 98 1 in. 
No. 16 77 3% in. 74 
No. 30 42 % in. 35 
No. 50 15 8 in. ll 
No. 100 2 0.4 3 


PHYSICAL PROPERTIES 


Allegheny] Allegheny 
River ver 
© Sand Gravel 


Unit weight, per cu. ft.*........... 101 108 
Percentage 35 38 
Apparent ~ 2.50 2.80 
Fineness modulus@................ 2.66 7.81 


* Standard Method of Test for Unit Weight of Aggre- 
(C 42), 1944 Book of A.S.T.M. Standards, Part 


- Standard Method of Test & Voids in Aggregate for 
Concrete (C 30-7), Ibid., 
€Standard Method of Test for Specific Gravity and 
Absorption of Fine Aggregate (C 128 - 42), Ibid., p. 445. 
Standard Method of Test for Specific Gravity ‘and Ab- 
sorption of Coarse Aggregate (C 127 - 42), Ibid., p. 443. 
*Standard Specifications for Concrete Aggregates 
(C 33-44), Ibid., p. 423. 


; Fic. 1.—Collapsible Mold. 


. 


MUHLENBRUCH ON BOND STRENGTH OF CONCRETE 829 


had the gradings given in Table II. 
The other physical properties given in 
Table II were determined for the sand 
and gravel in accordance with the appro- 
priate A.S.T.M. procedures indicated. 

The concrete mix was proportioned in 
the ratio of 1:1.5:3.0 by volume and 
employed a water-cement ratio of 7.5 
gal. per sack. This mix was designed 
to produce a 28-day compressive strength 
of 3000 psi. This particular strength 
was selected as a maximum in order to 
stay within the capacity of the repeated- 
loading machine. The quantity of 
material necessary to make six specimens 
plus three compression-test cylinders 
was determined by the absolute-volume 
method, and all subsequent proportion- 
ing of materials was then made on the 
basis of weight. The average slump of 
the mix was 8 in. . 


Test Specimens: 
Six test specimens were cast at one 
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time to provide uniformity and duplica- 
tion of test results. The mold is shown 
in Fig. 1. The over-all dimension of 
each specimen was 5 in. wide by 5 in. 
deep with a length varying fiom 5 to 10 
in. Steel plates, 4 in. thick, were used 
as separators between adjoining speci- 
mens. The inside of the mold and 
the steel plates were coated with oil 
prior to casting the specimens which 
were left in the mold for an initial moist- 
curing period of 3 days. They were 
then cured at room temperature and 
humidity for a period of 25 days. All 
specimens were cast with the bars in a 
horizontal plane, and the concrete was 
thoroughly worked around the test bar 
with a vibrator. The mold was so 


TABLE III.—PHYSICAL PROPERTIES OF 
REINFORCING-BAR STEEL. 


(Values Represent the Average of Three Tests) 


Proportional elastic limit, 39 800 
Yield point (determined by drop of beam), 


‘Tensile strength, psi.* 
Modulus of elasticity, psi.” 
Elongation in 8 in., per cent 
Reduction of area, per cent 


“In accordance with Standard Methods of Tension 
Testing of Metallic Materials ( E 8 - 42), 1944 Book of 
A.S.T.M. Standards, Part I, p. 962. 

» Obtained with an Olsen 2-in. averaging extensometer, 
having a least reading of 0.0001 in. 
designed that it could easily be broken 
down after the 3-day initial curing 
period without harming the specimens. 


Steel Reinforcing-Bar Material: 


A 3-in. round intermediate grade of 
reinforcing-bar steel, conforming to A.S. 
T.M. Standard Specifications for Billet- 
Steel Bars for Concrete Reinforcement 
(A 15 —39),5 was used in these tests. 
This bar was of the deformed type and 
had a pattern known commercially as the 
“diamond” pattern. The average phys- 
ical properties given in Table III were 
obtained based on extensometer ten- 
sion tests of three specimens. 

A spiral reinforcement, embedded in 
each specimen to prevent a splitting 
failure of the concrete, was made from 


5 1944 Book of A.S.T.M. Standards, Part I, p. 102. 


STRENGTH OF CONCRETE — 

a }-in. bar of the same type of steel as 
the 3-in. round. A 4-in. coil was made 
by wrapping the }-in. bar around a man- 
drel. This gave a pitch of about 1} 
in. to the turns and provided satisfactory 
reinforcement. The bars were em- 
bedded in the concrete by placing them 
in the mold and inside the spiral rein- 
forcement as shown in Fig. 1. They 
were used as received with the hot- 
rolled mill scale in place, but with no 
rust or loose scale present. Each bar 
was allowed to project 2 in. beyond the 
unloaded end of the specimen in order 
to measure the slip at this point. At 
the loaded end of the specimen, the bar 
projected 10 in. and was threaded with 
a 3-in. U. S. Standard thread to permit 
the loading knuckle to be attached. 
The following bond areas and ratios of 
embedment length / to bar diameter d 
were obtained for the length of specimen 
shown: 


Bond Area, 
sq. in. 


Specimen 


Length, in. L/d 


19.63 
15.72 
12.28 

9.87 


16.0 
12.8 
10.0 

8.0 


® Area of §-in. round bar, neglecting projections = 0.307 
sq. in. 


TESTING EQUIPMENT 


Concrete Test Cylinders: 


Compressive strength of the concrete 
test cylinders was obtained in an Olsen 
150,000-lb. capacity Universal testing 
machine. Both the method of making 
and the method of testing the cylinders 
conformed with A.S.T.M. Tentative 
Method of Making and Curing Con- 
crete Compression and Flexure Test 
Specimens in the Laboratory (C 192- 
44 T)® and Standard Method of Test 
for Compressive Strength of Molded 
Concrete Cylinders (C 39 — 44).’ 

© 1944 Book of A.S.T.M. Standards, Part II, p. 1344. 

7 [bid, p. 470. 
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Slip Measurement: 


Pull-out tests were made with the 
specimen supported on a }-in. thick 
steel plate resting on the fixed head of a 


Fic. 2. 


50,000-Ib. capacity Olsen testing ma- 
chine, as shown in Fig. 2. The loaded 
end of the specimen was plaster-grouted 
at the point of contact with the steel 
plate and was placed in a true vertical 
position with the aid of a level. The 
projecting end of the bar was held in 
V-notch grips in the testing machine. 


-MUHLENBRUCH ON BOND STRENGTH OF CONCRETE 


A Federal dial, supported on a three- 
legged stand, was mounted on the un- 
loaded end of the specimen so that the 
end of tke dial stem engaged the flat 
end of the bar. This dial, which read 


Specimen Set-up for Pull-out Test. 


directly to 0.001 in. and by estimation 
to 0.0001 in., was used to measure the 
slip of the unloaded end of the bar. 
Load was applied in increments of 4000 
lb. to a total of 12,000 Ib., and then in 
increments of 2000 Ib. until the bar 
pulled out of the concrete and bond 
failure was complete. 
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Motor Not Shown 
in Place. See Figure 4 
1" Cold -Rotled 
Shoft 
5°x3"1@10 Ib per ft. 
\ 


Cast Iron Line Shoft 
Support with inserted 


Oilless Bearing 
@25i\b 
See Figure 4 per ft. 


1 
ot solb.perft 
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@ 33 \b. per ft 


1 
46" 


See Fi gure 5 
‘Fic. 3.—Details of Repeated-Loading Machine, 


513 Iby To specimen 25 weight of lever 
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Fic. 4.—Details of Repeated-Loading Machine. 
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Repeated-Loading Machine: 

The repeated-loading machine em- 
ployed in this investigation was de- 
signed to permit a variation in the mag- 
nitude of load and type of test specimen, 
being adaptable to the pull-out type of 
specimen or to beams tested transversely. 
A feature of the machine is the use of 
dead load with which to apply load to 
the bars, rather than mechanical appli- 
cation of load. This feature minimizes 


te. 


833, 


employed to produce a rigid support 
which will not deflect appreciably trans-_ 
versely when load is applied to the test. 
specimens. 
Holes 1% in. in diameter are drilled 
along the horizontal supporting chan- 
nel to permit the specimens to be placed 
in a vertical position with the loaded end — 
of the reinforcing bars projecting through 
it so that a reinforcing bar 1 in. in diam- 
eter may be tested. The two vertical 


Openings 4 in 
diameter to 
permit use of 


2" Berry Strain 
Goge 


for detoil of 
loading end of 
lever and 


4 


Section A-A 


3°x3" L Brace 


a 


the effects of vibration and the possi- 
bility of error. Figures 3, 4, and 5 
show the details of the repeated-loading 
machine. The complete apparatus is 
shown in Fig. 7. Two WF-beams serve 
as upright supports. Between these 
sections is a 12-in. channel on which the 
specimens rest. Immediately beneath 
this horizontal channel are two vertical 
12-in. channels which are also welded 
between the WF-beams and which sup- 
port the horizontal channel as shown in 
Figs. 4, 5, and 7. These sections are 


Fic. 5.—Details of Repeated-Loading Machine. 


Figure 3 


12-in. channels have one hole, 4 in. in 
diameter, along the center line of each 
reinforcing bar. These holes are shown 
in Fig. 5 and permit a 2-in. Berry strain 
gage to be mounted on each side of the 
reinforcing bar in order to check the 
actual load on the specimen. This en- 
tire center section which supports the 
specimens is rigidly fastened and braced 
to two 5-in. I-beams, each of which is 
110 in. long as shown in Figs. 3 and 4. 
The length of the 5-in. I-beams is such 
that they extend beyond the ends of the 
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8340 
levers and, consequently, pre- 
aa tipping of the central specimen 
support. Across the ends of the 5-in. 
I-beams, another length of 5-in. I-beam 
is used as a connection to provide re- 
sistance to horizontal spread. When 
j the machine was set up, the entire frame 
was raised from the floor, carefully 
q leveled both vertically and horizontally, 
and then grouted in place with a cement- 
q sand mortar. 


Concrete Case 


Round Upper Channel to 
Hole Support Specimens 
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1/2” Round Knife 
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lic. 6.—Details of Repeated-Loading Machine. 

igure 6 shows the details of the con- 
nection between the loading lever and 
the reinforcing-bar test specimen. Each 
test bar is threaded on the loaded end 
with a 3-in. U. S. Standard thread. A 
knuckle is threaded onto this end of the 
reinforcing bar. The inside thread of 
the knuckle is long enough to permit 
vertical adjustment of the knuckle 
with respect to the position of the load- 
ing lever. 

A }-in. diameter steel pin serving as a 
knife-edge (0.36 per cent carbon rod), 
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2 in. long, is permanently inserted in the 
knuckle in the position shown in Fig. 6, 
and the two steel side plates hang on 
this knife-edge. The loading lever, in 
which two round knife-edges (pins) are 
permanently attached, is placed be. 
tween the side plates and against the 
steel knife-edge supports. With the 
fulcrum knife-edge pin bearing against 
its supports, the loaded end of the load- 
ing beam is lowered until both the ful- 
crum knife-edge pin and the loading 
knife-edge pins are bearing properly. 
If the loading lever is below the horizon- 
tal, it is again raised, the side links are 
removed, and the loading knuckle is 
given one-half turn. This equipment is 
then replaced and the loading lever again 
checked. This process is repeated until 
the loaded end of the loading lever is 
slightly higher than the fulcrum end 
when the lever is not supporting load. 

When the loading lever is in place and 
adjusted horizontally, the  scale-pan 
hanger shown in Fig. 4 is placed in posi- 
tion on the loaded end of the lever. A 
spherical adjusting nut at the top of the 
scale-pan hanger rod rests in a spherical 
seat in the loading lever as shown in 
Fig. 4. Weight in the desired amount 
is hung on the scale-pan. The added 
weight depresses the loading lever so 
that at the loaded end it is about the 
same angle below the horizontal as it 
previously was above. The lifting belt 
is then attached to the upper end of the 
scale-pan hanger rod. This lifting belt 
is carried upward and over the lifting 
wheel. With the load hanging on the 
loading rod, this lifting belt is locked in 
position to the lifting wheel so that a 
slight amount of buckle is obtained in 
the lifting belt. This indicates that all 
the load is on the loading rod. Figure 
8 shows the detail of the lifting wheel 
and lifting bands. 

The mechanism which is used to apply 
and release the load is shown in Figs. 
4and7. Power is obtained from a §-hp., 
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110 a-c. motor, operating at 1750 rpm., 
and controlled by a_ variable-speed 
starting box, as shown. A Westing- 
house Motor-Watchman guards against 
overload. The motor is connected by a 
flexible coupling to a Boston speed 
reducer having a reduction factor of 
48:1. A flat-faced wheel is mounted on 
the output shaft of the speed reducer. 
This wheel has three holes placed at 13, 


Fic. 7.—Completed Repeated-Loading Machine w 


2, and 23} in. from the center of rotation. 
A connecting rod connects this wheel 
to a crank arm mounted on one of the 
lifting wheel shafts, as shown in Figs. 
4 and 7. This crank arm has holes 
drilled along its length at distances of 
2, 23, 3, 34, and 4 in. from the center of 
rotation. For ordinary complete re- 
moval of load, the connecting rod is 
mounted in the middle hole of the driv- 
ng wheel and to the 4-in. hole on the 
rank arm. As the driving wheel re- 


volves, the connecting rod is moved 
with a horizontal component which 
throws the crank arm through approxi- — 
mately 90 deg. of rotation. The crank | 
arm, ‘which is fastened to the shaft sup- 
porting the load-lifting wheels, causes 
the load-lifting straps to wind onto the 
lifting wheel in one direction and remove 
the load from the loading lever and then 
to unwind from the lifting wheel, thus 


ith Specimens in Place 

applying load to the loading lever. 
When the three load-lifting wheels on 
one end of the machine are raising the 
load off the loading levers at the end, 
the load-lifting wheels at the other end 
of the machine are applying the load to 
the loading levers. This is a desirable 
feature, since it eliminates any possi-— 
bility of peak loads on the driving motor. 
About 36.4 cycles of loading and un- 
loading are obtained in 1 min. This 
speed produces a little more than 52,000 
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Fic. 9.—Checking Load on Bar with Strain Gage. 
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Close-up of Lifting Wheels, Bands, and Clamps. 
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repetitions per 24 hr. and requires about 
19 days to reach one million cycles. A 
speed counter is attached to the output 
shaft of the speed reducer to measure 
the number of cycles applied to the 
specimens. 

As shown in Fig. 4, the specimens rest 
on plaster seats on the supporting chan- 
nel. They are placed on this seat after 
the plaster has started to harden and 
are made vertical with the aid of a lever. 
The 7¢-in. separators used in molding 
the specimens, provide enough space 
between them as they rest on the sup- 
porting channel so that they do not 
touch. 

The load applied to the specimen is 
equal to the dead load of the loading lever 
plus the applied load. Figure 4 shows 
the manner of calculating the dead load 
based on the weight of the lever and the 
distance from the fulcrum knife-edge 
to the center of gravity. This latter 
distance was obtained by balancing the 
lever on a $-in. diameter rod and then 
measuring the distance from the balance 
point to the fulcrum used in the repeated- 
loading machine. As is indicated in 
Fig. +, the dead load thus applied is 513 
lb. This load is always applied to the 
specimen, since the loading lever is not 
lifted by the lifting device. The load 
applied to the specimen by the dead 
weights is equal to the sum of the weights 
plus the 2-lb. weight of the scale pan, 
this entire amount being multiplied by 
the lever ratio of 50. Thus, if the load 
on the scale pan is 98 lb., the following 
loads would be applied to the specimen: 

minimum load = 513 lb. 

maximum load = (98 + 2) 50 + 513 

= 5513 lb. 
The maximum weight which the scale 
pan can hold is governed by the fulcrum 
knife-edge and is about 165 lb. This 
tig produces a load of about 8760 
, or 50 per cent of the static pull-out 
strength of a 5-in. specimen. 


MUHLENBRUCH ON BOND STRENGTH OF CONCRETE 


In order to calibrate the load on each 
specimen, use is made of the Berry strain 
gage set up for a 2-in. gage length, as 
shown in Fig. 9. The loading lever is 
placed on the specimen, the gage is fixed 
by a clamp into the previously drilled 
gage holes shown in Fig. 6, and a zero 
reading taken. Weights are placed on 
the scale pan and the strain gage again 
read. The difference between the zero 
and final readings is recorded. This 
procedure is repeated on the other side 
of the bar, and the difference again ob- 
tained. The stress in the rod may 
easily be found from the average differ- 
ence and the modulus of elasticity. The | 
weights on each loading lever are ad-— 
justed until the load on the specimen is 
the same for all the specimens in the 
series being tested. . 


Test Procedure: 


When the specimens were removed 
from the mold, they were numbered 
from 1 through 6 beginning with the 
block on the left-hand side of the mold, 
as viewed in Fig. 1. Specimens Nos. 
1 and 6 were used for static pull-out 
tests and the other four were placed 
in the repeated-loading machine. All 
levers were attached to the reinforcing 
rods, but only specimen No. 2 had its 
lifting band attached and the correct 
weights applied. The procedure for — 
testing was then as follows: 

1. Begin application of load to speci- 
men No. 2 only and continue for 250,000 
cycles (for example). 

2. After specimen No. 2 has reached 
250,000 cycles, apply weights to speci- — 
men No. 3, attach lifting bands, and 
begin application of load. 

3. After specimen No. 2 has reached — 
500,000 cycles, attach weights to speci-- 
men No. 4, etc., and begin application — 
of load. 

Test two concrete cylinders for com-— 
pressive strength. 


| 
@ 
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Test specimen No. 1 for static pull- 
out strength, measuring slip. 

4. After specimen No. 2 has reached 
750,000 cycles, apply weights to speci- 
men No. 5, etc., and begin application 
of load. 

5. (a) After specimen No. 2. has 
reached 1,000,000 cycles (for example), 
remove all specimens from the testing 
machine and obtain the static pull-out 
strength, measuring slip. 

(6) Test third concrete cylinder for 
compressive strength. Obtain average 
compressive strength by averaging 
strength of this specimen with specimens 
previously tested. 

(c) Test specimen No. 6 for static 
pull-out strength, measuring slip. Ob- 
tain average “pilot” static pull-out 
strength by averaging this specimen 
with specimen No. 1. 

The cycles of loading applied to each 
specimen were then as follows, (for ex- 
ample): 


Specimen No. 2 = 1 000 000 
Specimen No. 3 = 750 000 
Specimen No. 4 = 500 000 
Specimen No. 5 = 250 000 


In test step No. 1 above, the number 
of cycles between the start and end of 
the tests could, of course, be varied. 
The total number of cycles applied to 
each specimen was varied as indicated 
in test step No. 5 by stopping at a maxi- 
mum of 1,000,000 cycles, or continuing 
to some other maximum, such as 4,000,- 
000 cycles. In this latter case the addi- 
tional cycles were added to each speci- 
men. ‘Two sets of specimens were made 
for each test run and the above proce- 
dure was repeated for each set. In 
some cases the number of cycles was 
varied indiscriminately without regular 
increment values. 


TEST RESULTS AND DISCUSSION 
Repeated-Loading Machine: 
The repeated-loading machine was 


4 as given in Fig. 5, whether the load is 
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completed in November, 1941, and has 
been in almost constant use since that 
time. Operation has been entirely satis. 
factory and only two minor failures oj 
the machine occurred due to repeated 
loading. In both cases failure was dye 
entirely to defects found in the steel, 
One such failure occurred in a knife. 
edge and the other in a loading lever 
adjusting knuckle. During operation, 
the frame has been observed to be very 
rigid. 

The machine appears to be adequately 
powered and lifts the weights without 
heating, even under maximum load 
application to all specimens. The speed 
reducer must be checked for oil once 
every two weeks. 

Measured loads determined from 
stresses in the loaded end of the rein- 
forcing bar have been found to agree 
within 2 per cent with values calculated 
from the applied load and the lever ratio 


statically applied or the machine is in 
operation. Stresses were checked while 
the machine was in operation by obsery- 
ing the maximum value to which the 
hand of the strain gage dial moved. 
This could be done since the load was 
slowly applied and removed. The slow 
speed of loading also accounts for the 
fact that the calculated and measured 
loads were in such good agreement. It 
is felt that the speed of the machine 
could be doubled without introducing 
inertia effects. 

The maximum load of 165 Ib. that can 
be applied to the scale pan produces 4 
force equal to 50 per cent of the static 
pull-out strength of a 5-in. specimen. 
In the review of previous work, it was 
found that the fatigue strength of con- 
crete is approximately 55 to 60 per cent 
of the static compressive strength. The 


= repeated pull-out value of 50 


per cent of the static pull-out load would 
thus seem to be low if failure was to be 
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encountered as a result of repetitions of 
load only, rather than by static pull-out 
following repetition of load. If this 
was to be done with the machine de- 
scribed herein, the embedment length 
would have to be made less or a smaller 
diameter bar used. Either of these 
would decrease the static pull-out load, 
the length approximately as the first 
power of the shortening and the diam- 
eter approximately as the ratio of the 
squares of the diameters. As the diam- 
eter and cross-sectional area are reduced, 
the unit-stress in the bar at the pull-out 
bond stress becomes higher. Because 
the diameter at the root of the thread 
governs, a specimen diameter less than 
5 in. causes a stress that is dangerously 
near the proportional-elastic limit of 
the steel. When coupled with re- 
peated loading, this high stress is 
likely to cause failure of the bar rather 
than failure of bond. In the series of 
tests conducted, several bars did fail 
due to this condition. 

The only way failure of this bar could 
be avoided would be to increase the 
capacity of the machine by making the 
knife-edges of a steel having a higher 
endurance limit. A load of 10,500 lb. 
m the specimen is equal to about 60 
per cent of the static pull-out of a 5-in. 
specimen. This specimen load would 
require a lever load of 210 lb. 

The author feels that the 5-in. speci- 
men length should be considered a 
minimum. Embedment lengths less 
than 5 in. would be too sensitive to any 
defects or scale on the surface of the bar 
and might be expected to show con- 
siderable variation between compara- 
live specimens. 

Static Pull-Out Tests: 

Characteristic stress-slip diagrams for 
static load are given in Fig. 10. The 
values presented represent the average 
of two specimens and are comparable 


with those given by Gilkey, Chamber- 
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lin, and Beal (1) for cleaned bars. The 
maximum variation of any one value 
from these average curves was 6 per 
cent. The fact that the apparent unit 
bond stress increases with decreased 
specimen length has been shown by 
many investigators. This is due to the 
tendency of the bond stress to be very 
high at the loaded end of the embedded 
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Fic. 10.—Stress-Slip Diagrams for Static Load. 


bar, as has been shown by Watstein 
(14). Watstein has shown that the 
maximum unit stress may be as much as 
three times the average unit stresses. 
Due to the wide variation between 
minimum and maximum stresses at the 
unloaded and loaded ends of the 5-in. 
specimen, it might be expected that this 
size would be most severely influenced 
by repeated loading. This fact is borne 
out by the experimental results. 
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Static Pull-Out Tests After Repeated 
Loading: 


The effect of repeated loading on the 
stress-slip relationship is shown in Figs. 
11, 12, 13, and 14 for the 10, 8, 6}, and 
5-in. specimens, respectively. Some of 
these data are compiled in Table IV. 
That the repeated loading has reduced 
the average unit bond stress at which 
slip occurs is obvious from these figures. 
For each of the specimens, about 4,400,- 
000 cycles of load were applied. The 
percentage of static pull-out load that 
was repeated for this many cycles varied 
from 23.2 to 37.2 per cent, as may be 


11 to 14 and from Table IV for 0.01-in, 


slip: 
' 
| Static Stress st in. | 
| Pull-out | Reduc- 
Specimen Load on | | tion, 
Specimen,| Static | After per cent 
| per cent Load Load Was 
| | Only ‘| Repeated | 
10-in. | 23.2 | 920 825 10.5 
8-in. | 23.6 | 1200 | 1090 | 9.2 
64%-in. | 33.5 1400 1115) | 20.4 
5-in. 37.2 | 1510 1045 | 30.7 


Although the amount of load applied 
to every specimen was not the same, 
nevertheless the data indicate that the 
5-in. length was influenced more by 
repetitions of load than any of the other 


ited Loading, ps! 


specimens. For this reason, all other 
tests were restricted to the 5-in. specimen 
length. 

A slip of 0.01 in. is usually not con- 
sidered as “‘first slip,” a value of 0.0001 


from Table IV. 

To determine the effect of repetitions 
of load on the stress-slip relationship 
for various specimen lengths, the follow- 

_ ing information was obtained from Figs. 
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Fic. 12.—Effect of Repeated Loading on the 
Stress-Slip Relationship for 8-in. Specimens. 
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Fic. 11.—Effect of Repeated Loading on the 
Stress-Slip Relationship for 10-in. Specimens. 
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| | | Static 
Static Load 1600 
£1400 
1200 33.5 percent of Static Load 21200 a 
¢ Repeated 4 307 450 Times 2 | | 
21000 1000 37 2per cent of Static Load 
| | Repeated 4 463 630 Times 
| | 
| 
800} 800 
7 
600 600 
6 
400 400 
3 
200 200} 


0 
0 OO! 002 003 004 005 = 0 001 002 003 004 005 
Slip, in Slip, in. 
Fic. 13.—Effect of Repeated Loading on the Fic. 14.—Effect of Repeated Loading on the 
Stress-Slip Relationship for 6}-in. Specimens. Stress-Slip Relationship for 5-in. Specimens. 
TABLE IV.—PULL-OUT LOADS AND STRESSES FOR VARIOUS CYCLES OF LOADING—VARIOUS 
LENGTHS. 


Cycles and corresponding stresses represent the average of 2 specimens; pilot specimen stresses the average of 
4 specimens; and compressive strengths the average of 6 specimens. 


| | Maxi- | — 
| Ratio, | Maximum |mum Pull- Stress at | Stress at Satie, 28-d, 
Specimen Cycles R.B.L.° Pull-out out 0.01-in. | 0.05-in. Bse | 
| “S.B.L. | Load, lb. | Stress, Slip Slip | psi. 
psi. Max. Se 
| 
Pilot a | 2 1125 920 | 1120 36.6 
909 600 23.2 | 197008 1000° 662 790 32.5 
Ee 2 048 480 23.2 | 21530 1100 920 | 1080 35.7 3080 
2 992 560 23.2 21 300 1080 815 942 35.1 
4 270 800 23.2 18 550 945 825 | 960 30.7 
Pilot Koes 21 250 1350 | 1200 | 1270 44.4 
1 500 760 23.6 19 900 1270 | 1080 1070 41.7. | 
EES ees 2 000 080 23.6 20 000 1270 1150 1270 41.7 3045 7 
2 614 870 23.6 19 700 1250 1240 1250 41.0 | : 
4 600 100 23.6 17 700 1130 1090 1110 37.1 : 
Pilot nee 19 440 1580 1396 | 1580 51.0 
836 360 33.5 19 500 1590 1350 1580 51.4 _—— 
| SER ne 3 834 000 33.5 18 400 1500 1260 | 1500 48.5 3095 7 
4 307 450 33.5 | 17600 | 1430 | 1140 | * 1400 46.2 7 
5 325 000 33.5 | 16900 | 1380 1150 1450 44.6 
Pilot ee 17 500 1770 1510 1720 57.0 
1 120 760 37.2 17 000 1720 1220 1520 55.3 
1 488 010 37.2 Specimens mishandled 3110 
2 160 930 37.2 16 500 1670 1040 | 1270 53.7 
4463630 | 37.2 15 400 1560 1040 | 1220 | 50.1 


, R.B.L. = repeated bond load; S.B.L. = static bond load; B.S. = bond stress; se = compressive strength. 
The two values giving this average were 22,240 and 17,160 lb. for load, and 1130 and 870 for stress. The first stress 
value has been assumed to be correct and the second value has been ignored in plotting. 
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in. being a more commonly used cri- 
terion. In these tests, no attempt was 
made to determine slips as small as this, 
a 0.001-in. dial being used. Figures 11 
to 14 were used to determine the follow- 
ing stresses at 0.001-in. slip. 


Static | Stress at 0.001-in. | 


Pull-out Reduc- 
Specimen on tion, 
Specimen, Static After per cent 
per cent Load Load Was 
| | Only Repeated 
10-in. | 23.2 | 638 580 9.0 
8-in. 23.6 650 650 0.0 
6\%-in. 33.5 780 500 36.0 
5-in 37.2 880 390 56.7 


Whether or not the stress at 0.0001-in. 
slip would be influenced to such a great 
extent as indicated by this table is not 
known. It is considered, however, that 
these data indicate some reduction must 
be expected. 


Effect of Repeated Loading on Bond Stress: 


In Fig. 15 are given stress-cycle dia- 
grams for the 10, 8, 6}, and 5-in. speci- 
mens subjected to repeated loads equal 
to 23.2, 23.6, 33.5, and 37.2 per cent, 
respectively, of the static pull-out stress. 
Although the curves are not parallel, 
they have the general characteristics of 
“fatigue” or repeated-load diagrams 
in that an increase in repetitions causes 
a decrease in the average bond stress. 
The data for Figs. 11 to 14 are com- 
piled with other data in Table IV. 
From this table it may be seen that the 
stress at 0.01 and at 0.05-in. slip also 
decreases generally with increased cycles 
of load. ‘The data are erratic, however, 
and lead to no general conclusion. For 
this reason no slip measurements were 
made for subsequent tests on 5-in. 
specimens. 

From Table IV the percentage that 
each bond stress is of the static un- 
repeated bond stress may be calculated. 
These are found to be 84.0, 83.8, 87.5, 
and 88.1 per cent for the 10, 8, 6}, and 
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5-in. specimens, respectively. Such 
high percentages indicated that the re- 
peated load being applied to the speci- 
mens was not great enough to affect 
appreciably the bond between the con- 
crete and the steel. Because of this 
condition, several more test groups were 
prepared in the 5-in. specimen length, 
and the loads were varied above and 
below the 37.2 per cent of the static 
bond load which was applied to the 5-in. 
specimens reported in Fig. 15. 
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Fic. 15.—Stress-Cycle Diagrams for Specimens 
Subjected to Repeated Loads. 


Figure 16 gives the stress-cycle dia- 
grams for the three 5-in. length speci- 
mens tested. The maximum repeated 
load applied was 49.8 per cent of the 
static bond load and the minimum was 
23.5 per cent. These data are sum- 
marized in Table V. As mentioned pre- 
viously, load-slip determinations were 
not made for these additional 5-in. speci- 
mens. From Fig. 16, it is apparent that, 
as the repeated bond load is increased 
to near the 55 to 60 per cent value which 
other investigators have found for the 
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of 4 specimens; and compressive strengths 
the average of 6 specimens. 
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TABLE V.—PULL-OUT LOADS AND STRESSES 
FOR VARIOUS CYCLES OF LOADING—5-IN. 


ycles and corresponding stresses represent the average 
of 2 specimens; pilot specimen stresses, the average 


fatigue strength of concrete itself, the 
bond strength is reduced. From Table 
V the percentage that each bond stress 
is of the static unrepeated bond stress 
may be found for the 5-in. specimens. 


Ratio, | mum | mum | Ratio, |¢ 9S These are 93.8, 88.1, and 55.4 per cent 
a a I 
Cycles R.B.L.* | Pull-out|Pull-out M.B.S."| 379 
S.B.L.| Load, | Stress, MCS. 322. for repeated loads equal to 23.5, 37.2, 
Ib. psi. wank , ( tive] 
| a and 49.8 per cent, respectively, of the 
Pilot | 12300 | 1770 | 39-8 static load. A repeated load equivalent 
742 300 ° | D. ee a 
2112470 | 23.5 | 17200 1740 | 58.8 | 2960 to 55 per cent of the static unrepeated 
3 830 010 16 500 1670 } 
uc wo-thirds. 
1120760 | 37.2 | 17500! 1720 | 55.3 The effect of various amounts of 
5160930 | S00 repeated load on the bond strength is 
2160930 | 37.2 7 
| 37:2 | 15400 | | clearly shown in Fig. 17. In this figure 
Pilot 17 500 1770 60.5 at on 7 , 
1198980 49.8 | 15.000, 1520 19 | the data in Table \ show 
2 024 650 49. 300 1350 46. 30 i +} ’ ‘ 
| | | in Fig. 16 are rep otted for 1, 2, 3, 4, anc 
4661300 | 49.8 | 9650) 980 | 33.4 5 million cycles of loading. In two cases 
«RBI =Irepeated bond load; S.B.L. = static bond it was necessary to extrapolate beyond 
plotted data in order to determine the 
‘31900 
_Repeated Load=285 percent 
<_of Static Pull-out Load | 
$1700 
\ | | 
#1500} ‘Repeated Load 372per cent 
of Static Pull-out Load 
Repeated Load-498 per cent--7 
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Fic. 16.—Stress-Cycle Diagrams for Three 5-in. Specimens. 
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Fic. 17 .—Effect of Repeated Load on Bond Strength. 
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probable stress at 5 million cycles. This 
family of curves shows that the effect 
of repeated loading on bond strength 
is quite pronounced for repeated loads 
greater than 40 per cent of the static 
bond strength. This figure may be used 
in the following manner, for example, 
for a 5-in. embedment length: 


Given:—A ratio of repeated load to static 
load of 45.0 per cent. A life expectancy of 
4,500,000 cycles. 

Find:—Maximum bond stress for this 
condition. 

Solution:—From 45.0 per cent load ratio 
(abscissa) follow vertically upward to an 
interpolated point of 4,500,000 cycles. 
Follow horizontally to left and read (on 
ordinate) an anticipated maximum bond 
stress of 1290 psi. This value would neces- 
sarily need to be modified by a factor of 
safety in keeping with the permissible 
movement at first slip. 


In Fig. 17, if the curve for 49.8 per 
cent load was extrapolated beyond the 
plotted data to a load ratio of 55 per 
cent, the indicated bond stress would be 
about one third of the static bond stress. 
Only additional tests will determine 
whether the bond stress would actually 
be this low. As mentioned previously 
additional tests are necessary to deter- 
mine whether the stress at 0.001 or 
().0001-in. slip is affected as much as is 
the maximum stress. 


CONCLUSIONS 

The data presented as a result of this 
study seem to warrant the following 
conclusions: 

1. The dead-load type of repeated 
loading machine described is entirely 
satisfactory in so far as dependability 
and accuracy of loading are concerned. 
No inertia effects are present and none 


would be anticipated should the speed 
of loading be doubled. 

2. The static pull-out bond stress js 
decreased when preceded by a repeated 
pull-out load. 

3. The static pull-out bond stress 
determined after repeated loading de- 
creases with increased repetitions of 
such load in much the same manner as 
an endurance-limit diagram used to 
obtain “fatigue” strength. 

4. The higher the ratio (load re- 
peatedly applied to specimen /static pull- 
out load), the lower the pull-out bond 
stress after such repetitions. 

5. After approximately 4,300,000 repe- 
titions of a stress equal to 23 per cent 
of the static bond stress, the pull-out 
bond stress is 84 per cent of the un- 
repeated value for both 10 and 8-in. 
embedment lengths. 

6. After approximately 4,500,000 repe- 
titions of a stress equal to an average 
of 35 per cent of the static bond stress, 
the pull-out bond stress is 88 per cent 
of the unrepeated value for both 6} and 
5-in. embedment lengths. 

7. After approximately 4,600,000 
repetitions of a stress equal to 49.8 per 
cent of the static bond stress, the pull- 


out bond stress is 55.4 per cent of the. 


unrepeated value for 5-in. embedment 
lengths. 

8. For repeated bond stresses greater 
than 40 per cent of the static pull-out 
bond stress, due allowance should be 
made for the effect of such repetition 
and working stresses adjusted accord- 
ingly. It would appear that, for a 
repeated pull-out stress as great as 50 
per cent of the static stress and, for 
short embedments, the reduction should 
be 50 per cent. For longer embedments 
and stresses, commensurate with a slip 
of 0.001 or 0.0001 in., the reduction 
might not be so great. 
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EQUATIONS FOR COMPUTING ELASTIC CONSTANTS FROM FLEXURAL 
AND TORSIONAL RESONANT FREQUENCIES OF VIBRATION 


OF PRISMS AND CYLINDERS 


By GERALD PIcKeEtTT! 


SYNOPSIS 

The equations of Mason, Love, etc., that do not take into account the effects 
of shear are not so satisfactory as Timoshenko’s differential equation for flexural 
(transverse) vibration of prismatic bars. Goens’ solution of Timoshenko’s 
differential equation for bars with free ends is in very close agreement with 
results obtained by means of the mathematical theory of elasticity if the shear 
constant K’ is given the proper value. 
ratio, being about for = 0, = 3, and 0.85 = 4. The radius of 


gyration r adequately describes the cross-section of a prism for the computation _ 


of resonant flexural vibration. The approximate equation given by Goens for 


the correction factor T,; can be made accurate to at least three figures by sub- — 


The proper value depends on Poisson’s — 


tracting the quantity 125(r/I)*. 


Equations are given for computing Young’s modulus and the shear modulus 
from flexural and torsional resonant frequencies, respectively. 

Graphs are given from which the size and shape factor C in the equation for — 
Young’s modulus and Goens’ correction factor T are readily determined. 

An equation 1s given for obtaining Poisson’s ratio from the flexural and tor- 
sional resonant frequencies, and the limitations of the equation are discussed. 


The determination of the resonant 
frequency for the fundamental mode of 
flexural vibration of laboratory speci- 
mens of concrete has become a routine 
test in many laboratories (1-5).2. From 
data on resonant frequency, weight, and 
dimensions of the specimens, Young’s 
modulus of elasticity is determined by 
means of formulas such as Eq. 1: 


1 Formerly Research Physicist, Portland Cement Assn., 
Chicago, Il.; now Professor of Applied Mechanics, Kansas 
State College, Manhattan, Kans. 

? The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 859. 


Part I—FLEXURAL VIBRATION 


where: 


E = Young’s modulus, 

W = weight of the specimen, | 

n = a resonant frequency, and 

C = a factor which depends upon the 
shape and size of specimen, the 
mode of vibration, and Poisson’s 
ratio. 

Considerable confusion has developed 
in regard to the formulas used for com- 
puting C. Different laboratories have 
used different formulas and there has 
been uncertainty as to the assumptions 
that were made in the derivations of 
these formulas. An attempt is made in 
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Part I of this paper to clarify this situa- 
tion and to make available means by 
which very accurate values of C may be 
readily obtained. The clarification will 
be done by: 

1. Discussing the various differential 
equations that have been used for flexural 
(transverse) vibration of prisms. 

2. Discussing the shear constant K’ 
in Timoshenko’s differential equation. 

3. Comparing the results from Goens’ 
solution of ‘Timoshenko’s equation with 
results obtained by means of the theory 
of elasticity.’ 

To provide more nearly theoretically 
correct formulas for C, solutions that 
satisfy the differential equations of the 
mathematical theory of elasticity were 
made for the free vibration of three dif- 
ferent shapes of bodies. The bodies 
were: a thin beam, a wide slab, and a 
cylinder. The conclusions reached are 
for the most part based upon results ob- 
tained from these theoretical solutions, 
but in order to keep the mathematical 
work in this paper relatively simple the 
solutions are not given. However, the 
frequency equations resulting from these 
solutions are given in Appendix I.* 


DIFFERENTIAL EQUATIONS 


The following differential equations 
have been used for transverse vibration 
of prismatic bars: 


Er? 
at? Ox? at? 


p 
p * ax? at? 
+ wr? — 0. . (4) 


* The expression “theory of elasticity” is used through- 
out this paper in the restricted sense used by Timoshenko 
6). The theory of beams as presented in texts on strength 

materials is not included in this use. 

*See p. 860. 
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Er? 

— — — —— =0...(5) 
ott on (5) 

p ot? K’'G dx? dia 


2 
p 


p = mass per unit volume, 
re, 7, = radii of gyration of the cross- 
section with respect to centroi- 
dal z- and y-axes, respectively, 


where: 


v = displacement (deflection) in y- 
direction, 

x = the coordinate in the direction 
of length, 

t = time, 

m = Poisson’s ratio, 

G = modulus of rigidity (modulus of 
elasticity in shear), and 

K’ =a constant introduced by Timo- 


shenko to account for the effect 
of shear on the slope of the 
elastic line. 

Equation 2 is the elementary equation. 
The effects of rotatory and lateral inertia 
and of shear are neglected in its deriva- 
tion. 

Equation 3, given by Rayleigh (7), 
differs from Eq. 2 in that a term has been 
added to correct for the effect of rotatory 
inertia. 

Equation 4, given by Love (8) differs 
from Eq. 3 in that a term has been added 
to correct for the effect of lateral inertia. 
This term is never of much importance 
and is zero for prisms of square cross- 
section; therefore, its effect can be dis- 
regarded in most cases. 

Equation 5 is the equation used by 


Mason (9), and Thomson (10). They 

that the term — 

tate that the term + yp) ax? oF 


corrects for both rotatory and lateral 
inertia and quote Love (8) and Timo- 
shenko (11, 12) as authority. In these 
details they are in error as may be veri- 
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fied by examining the references cited. 
Apparently, in obtaining Eq. 5 from 
Eq. 4, Mason assumed 77 to be negligibly 
small and inadvertently used the wrong 
» 
* 
ulas based upon Eq. 5 are of questionable 
value. 

Equation 6, given by Timoshenko 

(11-13) corrects for the effects of shear 
and of rotatory inertia. None of the 
preceding equations corrects for shear;° 
they are therefore considered to be less 
accurate than Eq. 6. Timoshenko has 
shown (13) that when the ends are hinged 
the shear correction is approximately 
21 + 
correction. It may be shown that for 
relatively slender specimens with free 
ends the ratios of the two corrections are 
approximately (G+ 2. 20+ 
(i+4)r+6 
where 7 is 1, 2, 3, etc., depending on 
whether the mode of vibration is the 
first, second, third, etc. For the first 
mode with free ends the shear correction 
is about two thirds that of rotatory 
correction. The ratio becomes higher 
for the higher modes as the above equa- 
tion shows. 


sign for pr . Therefore, all form- 


times the rotatory inertia 


Tue SHEAR CONSTANT K’ 


The constant K’ occurring in Eq. 6 
has been a subject of discussion (14). 
Some investigators use the value 3, the 
value suggested by Timoshenko for 
rectangular sections (13); others use 
3, the value suggested by Goens (15). 

Since in his derivation of Eq. 6 Timo- 
shenko defined K’ as the ratio of average 


5 In the Appendix of reference 10 Thomson gave a dif- 
ferential equation that purported to take shear into ac- 
count as well as rotatory and lateral inertia. No solution 
was given and no further use was made of the equation. 
Thomson erroneously assumed that the relative effects 
of shear and rotatory inertia could be determined from an 
examination of the differential equation and therefore 
decided that an independent solution was not necessary. 
His assumption would be correct if the ends were hinged 
but is not correct when the ends are free. 


unit shear across a section to the unit 
shear at the neutral axis, it follows on this 
basis that K’ should be § for rectangular 
sections and 2? for circular sections, 
However, in the derivation Timoshenko 
considered the effect of shear on slope 
to be equal to the angle of shear at the 
neutral axis. In general in static loading 
the effect of shear on slope is less than the 
angle of shear at the neutral axis and 
therefore one would expect K’ to be more 
than 3. By the use of Eqs. (f) on page 
41 and (/) on page 150 of reference 15, one 
20 (1 +y) 
24+ 15, 
and %, respectively, for the condi- 
tions represented by these equations, 
Equation (f) is for a simply supported 
beam with uniform load and Eq. (I) is 
for a cantilever fixed at one end and 
loaded at the other end. Other assump- 
tions in regard to loadings and supports 
would result in other derived values for 
K’. 

Also of importance in a study of the 
significance of K’ is the fact that in his 
derivation of Eq. 6 Timoshenko 
neglected the effect of warping of a sec- 
tion on its rotatory inertia. When this 
effect is taken into consideration in the 
derivation, the result is an equation 
identical with Eq. 6 except that the 
second K’ is then defined in terms of the 
effect of warping on rotatory inertia 
instead of the effect of shear on slope. 
However, it turns out that the second 
K’ should have a value approximately 
equal to %, that is, about the same value 
as the first K’. 

From the above it appears that XK’ 
should be about % for rectangular sec- 
tions. Although these and still further 
refinements in the derivation of the 
differential equation would help to 
establish the best value for K’, the most 
practical answer appears to be to use 
that empirical value that gives results 
most nearly in accord with those 
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obtained by means of the mathematical 
theory of elasticity. With this approach 
K’ can be established within very narrow 
limits for prisms of rectangular sections 
and with still greater accuracy for 
cylinders. 

For this purpose solutions based on the 
mathematical theory of elasticity were 
made for three different assumptions in 
regard to shape of body: thin beam, wide 
slab, and cylinder. The frequency equa- 
tions derived from these solutions, to- 
gether with the frequency equation from 
Goens’ (15) solution of Eq. 6 for the 
particular problem at hand—that of the 
transverse vibrations of a prismatic 
body with free ends—are given in 
Appendix I. The derivations of the 
frequency equations are not given since 
they are lengthy and beyond the scope 
of this paper. 


FREQUENCY EQUATION OF GOENS VERSUS 
FREQUENCY EQUATIONS FROM THE 
MATHEMATICAL THEORY OF ELAS- 
TICITY 


The equation giving the necessary 
relation between the resonant frequency 
and the dimensions, density, and elastic 
properties of a specimen is called a fre- 
quency equation. This equation must 
be known before C in Eq. 1 can be evalu- 
ated. The frequency equation that will 
be found by mathematical derivation 
depends upon what differentia] equation 
(or equations) and what boundary 
conditions are assumed to hold. If the 
ends are free, as in the problem under 
consideration (or, in any case in which 
the boundary conditions are the same at 
the two ends), the frequency equation 
can be reduced to either of the following 
forms: 


M + N 
tanh a/2 tan 8/2 


M 
coth a/2 cot B/2 


Equation 7 applies to the first, third, 
fifth, etc., modes of vibration, that is, 
symmetrical vibration with respect to 
the plane midway between the two ends. 
Equation 8 applies to the second, fourth, 
etc., modes of vibration, that is, asym- 
metrical vibration. The factors a and 
8 in Eqs. 7 and 8 depend primarily on 
the ratio of depth in the direction of 
vibration to length. In Goens’ solution 
the expressions for a and £6 are deter- 
mined on the basis of satisfying Eq. 
6. In the other three solutions for which 
frequency equations are given in 
Appendix I, a and 8 are determined on 
the basis of satisfying the requirement 
that the lateral surfaces be free of stress. 
The factors M and N are chosen so as to 
meet the requirement that the ends be 
free of resultant shear force and resultant 
moment.® 

As shown in Appendix I Goens’ 
solution gives expressions for a, 8, M, 
and WN explicitly in terms of r// (recipro- 
cal of slenderness ratio), u, K’, and k. 
The factor k has a value greater than 
a and less than @ and is related to fre- 
quency and other properties by the 


equation 
4x? n? pl t 


In the other three solutions a and B 
are the real roots of transcendental 
equations. 

After the factors a, 8, M, and N have 
been found in terms of & for particular 
values of r/l and yu, substitution can be 


* If some other assumption were made in regard to the 
ends, the expressions for M and N would be different from 
fe med gp a in Appendix I. For example, if the ends were 
hinged, then M = 0 and Eqs. 7 and 8 would reduce to tan 
8/2 = @ and cotB/2 = «. The solution of Eq. 6 for this 
case is given ‘n reference 13 and solutions by means of the 
equation of elasticity for plane stress and for plane strain 
for this case are given in reference 12. 
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made in either of Eqs. 7 or 8 as desired 
and k can be found by trial. The lowest 
value of k that satisfies Eq. 7 corresponds 
to the first mode of vibration, the next 
lowest to the third mode, etc. In the 
actual computations it was found desir- 
able, especially for the solutions based 
on the equations of elasticity, first to 
select a value of 2(1 + yu) (kr/l)*, then to 
determine values of ar/l and Br/l as 
given by the equations for a and # and 
finally to determine the corresponding 
value of r/l. An abridged sample com- 
putation sheet for 2(1 + y) (kr/l)* = 
0.10 and » = ¢ is given in Appendix IT’ 
for each of the four frequency equations 
given in Appendix I. 

Computations show that for the same 
values of r/l and of uw the values of k 
(and consequently the resonant fre- 
quencies of vibration) are only slightly 
less for plane stress (thin beam) than 
for plane strain (wide slab). Further- 
more, the computations show that for 
the same r/l and yp the resonant fre- 
quency for the cylinder lies between those 
for plane stress and plane strain, being 
slightly closer to that for plane stress. 
Computations also show that for Goens’ 
equation to give results in agreement 
with those for the cylinder the value of 
K’ should be from 0.83 to 0.90, depending 
on the value of uw. For uw equal to 0, 
2, and 4, the approximate best values 
of K’ are 3, §, and 0.85, respectively. 
When, for example, u is taken equal to 
, the computations show that frequen- 
cies computed from Goens’ equation 
with K’ = § agree to about four sig- 
nificant figures with those for the 
cylinder. This is true for any value of 
r/l up to 0.30, the highest ratio investi- 
gated. 

Although a solution based upon the 
equations of elasticity has not been 
obtained for a prism of rectangular 


7 See p. 863. 


section, it seems reasonable that the 
resonant frequency obtained by such a 
solution would lie between those for plane 
stress and plane strain. Probably if the 
section is nearly square, the frequency 
would be very close to that of a cylinder 
of the same r/I. 

From the foregoing it is concluded that 
Goens’ equation, with the proper K’, 
is very accurate for either prisms or 
cylinders and that the radius of gyration 
r adequately describes the cross-section. 
Since yw for concrete is usually not far 
from § and the computations show that 
small variations in yu have relatively little 
effect on the best value of K’, it is con- 
cluded that K’ = § is a good value to 
use for concrete prisms or cylinders, 


EVALUATION OF T AND C 


As stated previously, the factor C 
in Eq. 1 depends on shape and size of 
specimen, Poisson’s ratio, and mode of 
vibration. From Eqs. 1 and 9a 


where: 


g = the acceleration of gravity, and 
I = the moment of inertia of the cross- 
section. 


C is thus a dimensional factor, the units 
of which depend on the units used for /, 
g, and J. Naturally the units for £ 
in Eq. 1 must be consistent with those 
for C, W, and n. 

In the limit as r/l approaches zero, 
a = 8B = k. Furthermore, M = NV 
in this limit if both ends are free. For 
this limiting case of r/l approaching zero, 
Eqs. 7, 8, and 10 reduce to 


tan m/2 + tanh m/2 = 0,_.... (7a) 
cot m/2 — coth m/2 = 0, and... (8a) 
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respectively, where C’ is written for C 
and m is written for the limiting value of 
k. 

If Eq. 2 were used as the differential 
equation, the above equations (7a, 8a, 
and 10a) would be obtained for any 
value of r/l. 

Values of m, accurate to three decimal 
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frequency equation obtained in his 
solution in a Taylor series and retaining 
only the first few terms. When K’ 
is given the values , §, and 0.85, for 
pu equal to 0, %, and 3, respectively, then 
Goens’ approximate equation for T 
reduces to the following: 


A 0 4 
places, for the first six modes of vibration y»=0, 7,=1+ 79.02(r/l)?— 
(obtained by solving Eqs. 7a and 8a) + ae 
are giv 1314(r/l)4 
are given below =1/6, T;=1+ 81.79(r/l)?— 

= 4.730 = 14,137 + 81.09(¢/ 
1572(r/l)4 
m, = 7.853 m; = 17.279 = 
2 =1/3, T;=1+ 88.12(r/)) 
m3; = 10.996 m, = 20.420 


The coefficient C’ is thus readily ob- 
tained if the length / and cross-sectional 
moment of inertia J are given. 

The expression for C can be written 


as 


where JT (= m'‘/k*) is the correction 
factor introduced by Goens (15). From 
the above it is readily seen that T is the 
factor by which values of C based on 
Eq. 2, that is, C’, should be multiplied 
in order that C based upon a more 
accurate differential equation may be 
found. Consequently, T is the factor 
by which values of E based on Eq. 2 
should be multiplied in order to obtain 
the E based upon the more accurate 
differential equation (or equations) under 
consideration. Since = m'/k' and 
since m is known, 7 may be found for 
any assumed differential equation (or 
equations) after the corresponding k 
has been determined. As _ indicated 
previously, & is found by trial after a, 
3, M, and N of the frequency equation 
have been expressed in terms of k. How- 
ever, Goens obtained an approximate 
equation for T in explicit form in terms 
of r/l, u, and K’ by expanding the 


®See p. 343 of reference 13. 


The subscript unity signifies that refer- 
ence is to the first mode of vibration, 
that is, m in Eq. 10a equals 4.730. 

The above values for 7; agree closely 
with those obtained by means of the 
corresponding frequency equation from 
which the Taylor expansion was obtained 
for low values of 7/1 but are a little too 
large for large values of r//. Almost 
exact agreement is obtained, up to a 
value of r// = 0.3, by subtracting a value 
equal to 125(r/l)* from the right side 
of each of the above equations. The 
agreement is still good for somewhat 
higher values of r//, but the derived 
frequency equations are not reliable for 
much larger values. This is because the 
boundary condition that the ends be free 
was not satisfied rigorously even by the 
solutions that were based on the theory of 
elasticity. The resultant shear force 
and resultant moment at the ends were 
set equal to zero, but in the derivations 
not all the forces at the ends were re- 
stricted to zero value. This failure to 
satisfy the end conditions exactly has no 
appreciable effect on the computed fre- 
quency unless the lateral dimension in 
the direction of motion is considerably 
larger than the axial dimension. Solu- 
tions meeting all boundary conditions 
exactly would be exceedingly complex 
and therefore a compromise has to be 
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Tabular Values of 
Based on Goens’ Approximate Equation 
Corrected by Subtracting the Factor 125 (r/l)s, s 
28 | | Correction Factor 71 ] 
| | r/l | 
| #=0 
2.6 
ee, | 1.0000 | 1.0000 | 1.0000 . 
0.01. 1.0079 | 1.0082 | 1.0088 
0.02. 1.0314 | 1.0325 | 1.0350 
4 0.03. | 1.0701 | 1.0725 | 1.0780 ‘ 
2. 0.04 1.1234 | 1.1276 | 1.1373 
| 0.05. 1.1905 1.1969 | 1.2115 ( 
— + 0.06 1.2706 | 1.2796 | 1.3003 
0.07 1.3632 | 1.3752 | 1.4028 
. 22 | 0.08... 1.4675 | 1.4829 | 1.5184 
0.09......| 1.5831 | 1.6023 | 1.6466 
| 1.7095 1.7328 | 1.7871 
| | 1.9931 | 2.0262 | 2.1033 
| 2.3155 | 2.3601 2.4646 
c 2.0 t oe aie | 2.6739 | 2.7319 | 2.8683 
re) 0.18 3.0651 | 3.1385 | 3.3114 
3.4854 | 3.5763 | 3.7902 
> a 4.6351 | 4.7777 | 5.1146 
1g 5.8593 | 6.0660 | 6.5543 
2 1201(r/l)é 
LY 
Yo 25 (4) 
| | 4 (i) 
= 
1.2 = 1572(r/l)s 
%, Ti = 1+ 88.12 +) 
004 006 O08 O10 O12 O14 O16 4%=% i+ 
125 (+) 
T 7.0 
1.25 WW 6.0 
Lf 
| | YA 
8 
40 
Y 
1.10 3.0 
ro) 
1.05 2.0 
1.00 1.0 
0.01 0.02 0.03 004 005 0.06 0.10 020 025 030 
t 
Fic. 1.—Goens’ Correction Factor 7; versus Ratio of Radius of Gyration of Section to Length 


d 
of Prism or Cylinder (Radios of Gyration = of Inertia _ for etinder} 
rea 


if 
= 


made. Another compromise would be to 
satisfy the conditions at the plane ends 
exactly and permit forces at the curved 
boundary. 

For a cylinder with the diameter 
greater than the length, a solution based 
on this compromise would be more 
accurate than one based on_ the 
compromise that was adopted. How- 
ever, such a solution would be of little 
practical value since such a specimen 


‘ion 
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are ratios of depth to length (¢//), was 
prepared. 

After T has been determined, the 
factor C may be computed by means of 
Eqs. 10a and 11. If the inch-pound- 
second system is used, then for the first 
mode of vibration 


[3 
C, = 0.00020436 7 T; sec.? per sq. in. 


ol 
This reduces to: ee 


I. - 
| 


5.5 


5.0 
(r/l)s 45 
(4) 6 | 4.0 
09(r/1)? 
1.4 
; ‘ 5 | 3.5 
l 
| | AG 
0 
1.0 


0.10 0.20 


SSW 


would tend to vibrate in some other 
mode. 


DESCRIPTION OF CHARTS 


Figure 1 shows T for the first mode of 
vibration, that is, 7), versus r/l (or d/4l 
for a cylinder) for three different values 
of Poisson’s ratio, 0, 3, and 4.° 

To simplify the graphical determina- 
tion of T for prisms of rectangular 
section, Fig. 2, in which the abscissas 


® These curves are similar to curves 3 and 4 in Fig. 1 
of reference 4. Those in reference 4 were computed from 
ns’ approximate equation for 7; with K’ equal to 5/6. 


0.30 
+ (Ratio of Depth to Length of Prism) 


_ Fic. 2.—Goens’ Correction Factor T, versus Ratio of Depth to Length of Prism. 
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Cid = 0.0041632(1/d)*T, for a circular cylinder, 
and to: 


= 


for a prism of rectangular section, 


where: 
d = diameter of cylinder, and 


t, b = dimensions of rectangular section, 
t being in the direction of vibra- 
tion. 

Plots of Cid and C,b versus 1/d and 

l/t, respectively, are shown in Fig. 

3 for p = 2. 


| 
4 
/ 
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E= C1 Wn? 

where: 

FE = Young’s modulus in pounds pe square inch, 

= weight of specimen in pounds, 

m = resonant frequency of first mode of flexural vibra- 
par cycles per 
4nl*T 

C1 0.00020436 T per sq. in. 

Cid (for cylinder) = 0.004163 (1/d)*7T\ sec.? per in. 

C\b (for prism) = 0.002452 (l/t)8T; sec.? per in. 

where: 

= length in inches, 

= diameter in inches, 

b = dimensions of cross-section of prism, ¢ being in 
direction of vibration. 


l 
d 
t 


C,d for Cylinder or C,b for Prism, sec? per in, 


Ratio of Length to Depth fo- Prism or Ratio of Length to Diameter for Cylinder 


“+ 


20 25 30 35 40 45 50 
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: Fic. 3.—Curves for the Graphical Determination of C for Prisms and Cylinders. : 
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Fic. 4.—Ratios of Resonant Frequencies for 
Lateral Vibration. 


Examples of the Use of Figs. 1, 2, and 
3: 
(a) Find C, for a 6 by 6 by 30-in. prism ( = 


} assumed). 


From Fig. 3 
Cib 


= 0.392 sec.? per in., 


therefore 


therefore 
308 
C, = 0.0024523 X 1.28 


= 0.0653 sec.? per sq. in. 


(b) Find C, for a 6 by 12-in. cylinder. 
From Fig. 3 


Cid = 0.070 sec.? per in.; 
herefore 
C, = 0.01167 sec.? per sq. in. 
tfrom Fig. 1 
Ti = 2.10; 
therefore, ‘4 


Ving 
= 0.0041632 2.10 


= 0.01165 sec.? per sq. in. 
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Values of C, for specimens of dimen- 
sions either commonly or occasionally 
used in this laboratory are given in Table 
I. 


HIGHER MODES OF FLEXURAL VIBRATION | 


Although the first mode of flexural - 
vibration is the more common and the 
corresponding resonant frequency i is the 
frequency usually obtained in laboratory © 


TABLE I.—THE FACTOR C IN EQ. 1 FOR THE FIRST 
MODE OF FLEXURAL VIBRATION AND THE 
FACTOR B IN EQ. 12 FOR THE FIRST MODE OF 
TORSIONAL VIBRATION FOR SPECIMENS OF 
CERTAIN DIMENSIONS. 

Ci, sec.2 per | Bi, sec.? per 
Dimensions, sq. in. 
Prisms 

1 by 1 by 11% 3.693 0.1379 ™ 

0.169 0.0291 

2% by 2% by 11%......... 0.118 0.0221 

0.0644 0.0102 

0.1043 0.0123 

0.0732 0.0178 

0.0644 0.0157 

2 2.415 0.0885 

5.294 0.0885 

CYLINDERS 

° The first dimension is the thickness in the direction of 
flexural vibration. 


tests, other modes of flexural vibration, 
higher than the first, are frequently 
produced. A specimen may be inad- 
vertently vibrated in a higher mode and 
if this is not recognized, erroneous results: 
will be obtained. On the other hand, 
valuable information may be obtained 
from intentional vibration in higher 
modes. If values of E determined from 
two different resonant frequencies deter- 
mined experimentally on a specimen are 


C, = 0.0653 sec.” per sq. in. 
or from Fig. 2 
T; = 1.28; 
4 
‘ 
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not in good agreement, then either the 
corresponding modes of vibration were 
not the ones assumed for the computa- 
tions or the formulas used were not appli- 
cable to the specimen under investiga- 
tion. Occasional checking in this regard 
is recommended and Fig. 4 was prepared 
for this purpose. 
Figure 4 makes it unnecessary to have 
charts for the higher modes similar to 
those of Figs. 1, 2, and 3 for the first 
mode. To find the value of E from 
data on the resonant frequency of a 
higher mode, all that is necessary is 
first to convert to an equivalent first- 
mode frequency by dividing by the ratio 
given by Fig. 4 and then to proceed as 
described above for determining E from 
the frequency of the first mode. 
It was of course necessary to evaluate 
T2, T3, Ts, Ts, Co, C3, Cs, and Cs over 
appropriate ranges of r// preparatory 
to the construction of Fig. 4. In making 
these evaluations Goens’ frequency equa- 
tion with » = 4 and K’ = § was used. 
Some use was also made of Goens’ 
approximate equation for ZT which, for 
the higher modes, reduces to the follow- 
ing equations: 
9984(r/1)4 

T2 = 1 + 229.81(r/1)? saad 1 + 223.6(r/1)? 

38372(r/1)4 
1 + 438.3(r/1)? 


104853(r/1)4 
1 + 724.5(r/1)? 
233979(r/1)4 
1+ 1082.3(r/1) 


T; = 1+ 446.51(r/1)? — 


= 1+ 735.17(r/l)? — 


Ts = 1+ 1095.24(r/1)? — 


Like the Goens equation for 7, the 


Prisms and cylinders may be caused 
to vibrate in torsion as well as flexure. 
In fact a specimen assumed to be vibrat- 
ing laterally may be vibrating in torsion 


above equations give values in close 
agreement with the values obtained from 
the frequency equation directly if only 
relatively low values of r// are con- 
sidered. They differ from the equation 
fo: T, in that for higher values of r/] 
they give values too small whereas as 
noted previously the Goens’ equation 
for T, gives values too large. If the 
term 100,000 (r/l)® is added to the 
equation for 7, and 26,000(r/l)> is 
added to the equation for 73, these two 
equations will be reliable up to a value of 
r/l equal to 0.20. The equations for 
T, and 7; are not reliable beyond r/] 
= 0.05 and the additional terms neces- 
sary to increase their range have not 
been worked out. 


DovuBLeE Hump IN RESONANCE CURVE 


A problem sometimes develops in 
regard to flexural vibration from the 
fact that there are two directions, per- 
pendicular to each other, for flexural 
vibration. If the resonant frequencies 
for these two directions are equal or 
approximately equal, and if the specimen 
has some kind of non-symmetry, the 
modes for these frequencies will be 
coupled. This results in the so-called 
“double hump” in the curve representing 
response versus frequency. When this 
occurs, the tester is sometimes in doubt 
as to which frequency to record or 
whether to record the average of the 
two. Sometimes this question can be 
decided on the basis of information in 
regard to the torsional resonant fre- 
quency for the specimen, as will be ex- 
plained after torsional vibration and 
Poisson’s ratio have been discussed. 


Part II—TorsIoNAL VIBRATION 


to the confusion of the tester unless he 
knows how to identify the various modes 
of vibration. The main purpose of 
Part II of this paper is to present the 
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appropriate formulas giving the relation 
between resonant frequencies in torsional 
vibration of the body and the weight, 
dimensions, and shear modulus. 

The general formula for shear modulus 
corresponding to Eq. 1 for Young’s 
modulus is as follows: 


where: 


n' = a torsional frequency, 

41R 
5B = 
gA? 
A = cross-sectional area, 
i = unity for first mode, two for second, 
etc., and 
ratio of polar moment of inertia 
to the shape factor for torsional 
rigidity. 

The ratio R is unity for a circular 
cylinder and 1.183 for a prism of squdre 
section. Its approximate value for rect- 
angular sections is given by the formula!® 


a/b + b/a 
4a/b — 2.52(a/b)? + 0.21(a/b)®” 


R 


. (13) 


where: 


a = the length of the shorter side, and 
b = the length of the longer side of the 
cross-section. 
The factor R may be determined for a 
section of any shape from the relation 


ff + 9°) dx dy 
R= F(z, y) dx dy (14) 


where the integrations are taken over 
the section and the function F(x,y) 
is equal to zero on the boundary of the 
section and satisfies the equation 


oF 
~at>,+4=0 


within the boundary." 


‘See equation for torsional rigidity of rectangular 
sections given by Roark 
"See Chapter 9 of reference 6. 


Values of B for the first mode, that is, 
B,, for specimens of dimensions com- 
monly used in this laboratory, are given 
in Table I along with the values of C.. 


PROCEDURE FOR EXPERIMENTAL 


DETERMINATION OF RESONANT 
TORSIONAL FREQUENCIES 


The determination of both torsional 
and flexural resonant frequencies of 
laboratory specimens requires very little 
work in addition to that required to 
determine only flexural resonant fre- 
quencies. For best response of the 
specimen to induced torsional vibration 
the driver should be placed at one end in 
such a manner as to produce maximum 
torque. Since this position is also a 
favorable position for inducing flexural 
vibration, both torsional and flexural 
resonant frequencies of a specimen may 
be found without changing position of 
specimen, “driver” or “pick-up.” The 
only disadvantage in placing the driver 
at one end when only the resonant fre- 
quency for first mode of flexural vibration 
is desired is that it is also a favorable 
position for exciting other modes of 
vibration that might be mistaken for 
the first mode of flexural vibration. For 
best results the specimen should be 


supported on soft rubber. If the sup- 
ports are sufficiently flexible, their loca- 
tion is immaterial. If the supports are 4 


relatively rigid, then the supports should 
be placed at nodes. 


IDENTIFICATION OF Moves 


If there is doubt as to the mode of 
vibration, the mode can usually be 
identified by locating the nodes. The 
position of the nodes in torsional vibra- ‘ 
tion is the same as in longitudinal vibra- 
tion, that is, one node at the center for 
the first mode, two nodes at 1/4 and 31/4 
from one end for second mode, three 
nodes at 1/6, 1/2, and 51/6 for third mode, 
etc. For flexural vibration there will be 
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‘one more node than the order of the 
mode. For the same number of nodes 
they will be spaced slightly differently 
from the spacing in torsional vibration, 
- that is, for two nodes one will be at 
approximately 0.23/ from either end 
instead of 0.25/ and for three nodes one 
will be at the center and one approxi- 
mately 0.14/ from either end. The 
position of the nodes in flexural vibration 
depends slightly on the r// value but is 
not affected nearly as much as was indi- 
cated by Thomson (10). 

Also of assistance in_ identifying 
torsional modes is the fact that the 
resonant frequency of a particular tor- 
sional mode is equal to the order of the 
mode times that of the first torsional 
mode. Figure 4, discussed previously, 
is useful in identifying modes of flexural 
vibration. As shown by Fig. 4, the 
ratios of the resonant frequencies of the 
higher modes of flexural vibration to 
those of the first are not simple integers. 


PoIssON’s RATIO 


_ Poisson’s ratio for a homogeneous 
_leotzepic solid is related to E and G 
by the equation 


or from Eqs. 1 and 12 


_ Therefore Poisson’s ratio may be deter- 
mined dynamically if the specimen is 
sufficiently homogeneous and isotropic. 
The lack of homogeneity resulting 
from differences in the elastic properties 
of the constituents (hydrated cement 
paste, unhydrated clinker, aggregate, 
and air and water voids) of concrete 
does not appear to affect appreciably 
the validity of Eqs. 15 and 15a. Prob- 
ably bleeding and the segregation that 
must take place at molded and finished 
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surfaces during placing result in slightly 
different resonant frequencies of the spec- 
imen than would be obtained if the 
specimen were prepared from the same 
mix without the occurrence of bleeding 
and segregation. 

These non-homogeneities might 
change the flexural resonant frequency 
a different percentage than they change 
the torsional and thereby result in a 
change in » as computed by Eq. 15a. 
These effects, as well as any resulting 
from lack of isotropy, are believed to be 
of negligible importance in laboratory 
specimens of good concrete unless the 
specimens have been weakened by frost 
action or cracking resulting from exces- 
sive shrinkage or thermal _ stresses. 
Equation 15a may have little meaning 
if the specimen is badly cracked or 
considerably deteriorated by frost action. 

Equation 15a is not to be used for 
aeolotropic materials such as _ wood, 
some rock cores, or reinforced concrete. 
As explained by Love in Chapter VI of 
his book (8), an aeolotropic material 
with no plane of symmetry is character- 
ized by 21 elastic constants. If the 
aeolotropic material has a number of 
planes of symmetry, the number of 
elastic constants may be reduced to 
13, 9, 7, 6, 5, or 3, depending on the 
number of planes of symmetry and their 
orientation. It is only an_ isotropi 
material, one in which every plane is a 
plane of symmetry, that can be charac- 
terized by two elastic constants such as 
Young’s modulus and Poisson’s ratio. 
Consequently, frequency equations de- 
rived for an isotropic specimen might not 
be applicable to an aeolotropic specimen. 
Frequency equations that were based 
upon a particular type of aeolotropy 
might prove to be very useful in investi- 
gating the elastic constants of a material 
of that particular type of aeolotropy. 

We have not had sufficient experience 
to justify definite statements as to the 
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importance of Poisson’s ratio in dynamic 
testing of concrete. Poisson’s ratio usu- 
ally decreases on drying of specimens 
and increases as the specimens absorb 
moisture. It increases as hydration 
proceeds and was found to be greater 
than 0.25 for specimens molded under 
pressure. Experience may show that 
changes in Poisson’s ratio during storage 
may be of significance in interpreting 
the effects of the conditions of storage. 


SELECTION OF MODE OF VIBRATION 

As indicated previously, it may be 
desirable to obtain both flexural and 
torsional resonant frequencies of the 
same specimen. However, specimens 
may be of such shape that one or the 
other frequency is difficult to obtain 
with equipment at hand. For example, 
it was found to be very difficult to induce 
first or second mode of torsional vibration 
in specimens of 2 by 3 by 37-in. size. 
Higher modes such as third, fourth, and 
fifth were induced without difficulty. 
On the other hand, if r// is greater than 
().10, the first mode of torsional vibration 
is much easier to excite than the first 
mode of flexural vibration. 
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If for any reason only one resonant 
frequency is to be obtained, a factor to 
be kept in mind in making the decision 
as to whether it should be that of flexural 
vibration or of torsional vibration is the 
fact that the frequency equations for 
torsional vibration are usually not re- 
stricted to as small values of r/l as are 
the frequency equations for flexural 
vibration.” Therefore, a specimen of 
which the axial dimension is about equal 
to or somewhat less than the smaller of 


4 
the lateral dimensions may be tested for 
G when it is impractical to test for E. 
However, if the axial dimension is much 
smaller than the lateral, then the speci- 
men may be vibrated in flexure as a 
thick plate. The frequency equation, 
obtained by means of the equations of 
elasticity, for the flexural vibration of a 
thick disk is similar to that given in 
Appendix I for flexural vibration of a 


cylinder. Further details in this regard 
are beyond the scope of this paper. 


12 Tf the specimen is cylindrical, Eq. 12 is theoretically — 
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lindrical Eq. 12 is slightly in error but the present writer | 
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for flexural vibration. 
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APPENDIX I 


FREQUENCY EQUATIONS FOR FLEXURA\ 


wi 
General Form of Equation: 
M N 
tanh a/2 + ian B72 = 0 for Ist, 3rd, etc., modes — 
M N 
cotha/2 ~ cot B/2 0 for 2nd, 4th, etc., modes 
a, 8, M, and N are functions of r/I, k, and 
where: 
2 
_ k= eel. = r = radius of gyration of section, 
= Poisson’s ratio, = length, and 
_p = mass density, n = frequency. 
FE = Young’s modulus, 
I. Goens’ Solution: 
a = k[(B*kt + — AR*)3, B = + + ARI! 
M = a/k? ((B*k* + 1) + N = B/k[(B*k* + 1) 4 — Br] 
where 
1] 
A= +5], 
1] 
= and 
B (r/l) | K’ 2 | 
K’ = shear constant; should be 3, 3, 0.85, respectively, for u equal to 0, }, 4. 
wh 


Il. Plane Stress (Thin Beam), and 
III. Plane Strain (Wide Slab): 


2 ]2 
a = the real root of % + (7) tan = = 4fh 9) tan — 
|? h'c Br\? ve 
= the real root of | (f’)? + 4f'h’ tanh — 


|| 
| 
| 
VIBRATION 
| 

| 

>. 
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4h? 


2H")? — (f")2 


4(h’)? 


For plane strain: 


fo 21+) so +2040 aid 
fru 2(1 + u) (7) 


c¢ = half depth of beam = V3r 


where: 


For plane stress: 


IV. Circular Cylinder: 


ai, bi, 


a = the real root of |ag, be, ce} =0 
a3, bz C3 
a’ b's, 
8 = the real root of |a’2, b's, c’2| =0 
a’s, b’s 
+ Cbs N + 
where: 
2 
a, = — J,(2hk) — | 2 > 


J (2th 


iJ ,(2ih') 
h’ 


+ Jo(2i 
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ABRIDGED SAMPLE COMPUTATION SHEET FOR 2(1 + y) (7) = 0.10 and uw = 3 


ENDIX II 


Cone Dee Plane Stress Plane Strain Cylinder 
VaLues Founp By TRIAL 
0.36366 | 0.36055 0.35767 0.36349 
0.11316 0.11335 0.11242 0.11316 
i CompuTEep VALUES BASED ON ABOVE TRIAL VALUES 
ELECTED 0.24794 0.24658 0.24557 0.24841 
CHECK OF FREQUENCY Equation 
0.25469 0.25653 0.25720 0.25382 
Sum 0.00000 0.00000 0.00000 —0.00010 
Orner VALUES COMMON TO THE SOLUTIONS BASED ON THEORY OF ELASTICITY 
0.47958 0.47742 0.48179 
0.43604 0.43147 0.43243 
OTHER VALUES OCCURRING IN PROBLEM OF CYLINDER 
Jo(2h) +0.83514 Ji(2h)/h +0.91636 \(2h) +0.15773 
Jo(2f) +0.78100 Ji(2f)/f +0 .88838 SIV2f) +0.20622 
Jo(2th’) +1.26267 iJ (2th’) /h’ —1.12869 th’ J;(2ih’) —0.27879 
Jo(2if’) +1.19592 4J3(2if’)/f’ — 1.09646 —0.20504 
a —0.25256 by —0.30506 a —0.10738 
a2 +0.16244 bo +0.21476 C2 +0.19768 
a3 —0.75392 bs —0.92852 —0.44419 
as +0.05763 bs +1.22455 —0.004686 
+0.91636 bs 0.032483 —0.037243 
a’; —0.40102 b's 0.31062 —0.09946 
a’2 +0.26796 b'2 +0.19892 c'2 +0.21116 
a’; +1.39665 b's +1.06970 c's +0.54823 
a's —+0.16110 bs —0.90544 c's +0.003463 
a's —1.12869 b's —0.058028 c's —0.045809 
CHECK ON EQs. FOR a AND B 
Plan Stress Plane Strain Cylinder 
a 
tan (fc/ 1.09485 1.08673 aobaci +0.016196 
0.00000 0.00000 Sum 6.000000 
B 
0.16099 | 0.15526 —a'sb'ic's +0.045631 
0.16099 0.15526 +0.027632 
0.00000 0.00000 Sum —0.000004 
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Mr. T. Toomson! (by letter). 
_—Mr. Pickett is to be congratulated for 
his thoroughness in his investigation 

and for clarifying the various assump- 
_ tions upon which previous solutions 
have been based. 

In regard to Eqs. 3, 4, 5, and 6, they 
identical mathematically provided 

the last term of Eq. 6 is omitted. It 
should be noted that in the discussor’s 
paper,” al] the equations were developed 
on the basis of Eq. 3, which correctly 
accounts for the rotatory inertia. The 
extension to include the lateral inertia 
and shear was then assumed possible 
by examination of the differential equa- 
tion. Unfortunately the relative effect 
of shear cannot be evaluated by examina- 
tion of the differential equation as 
pointed out by Mr. Pickett. The reason 
for this lies in the fact that the coefficients 
in the shear boundary equation do not 
appear in the same form as that in the 

differential equation. 
In regard to the double hump in 
the resonance curve, such humps can be 
produced by coupling between two modes. 
In the case of flexure-torsion coupling, 
the two coupled frequencies are given 
by the following equation which may be 
obtained from the study of normal 


modes. 
(w+ + (w? +03)? — (1—C) 
“1.8 2(1 — C2) 


where: 


1 Design Specialist in Charge of Vibration and Flutter 
Analysis, Ryan Aeronautical Co., San Diego, Calif. 


2W.T. Thomson, ‘“The Effect of Rotatory and Lateral 
_ Inertia on Flexural Vibration of Prismatic Bars,’’ Journal, 
- Acoustical Soc. Am., Vol. 11, p. 198 (Oct. 1939). 


wy = circular frequency in flexure, 


w, = circular frequency in torsion, 


_ Uf s-y(#)-O(@) 


= coupling factor, 


s = eccentricity of the center of gravity, 
and y(x) and O(«) = normal 
modes in flexure and torsion. 


The above equation would require the 
two coupled frequencies to be outside 
the two uncoupled frequencies. Of par- 
ticular interest is the case when wy, = 
w: = w. The coupled frequencies then 


1+C 
and the double 


reduce tow = w* 


hump is evident. 

Another item of interest is concerned 
more with the practical aspects of de- 
signing proper vibration equipment for 
producing and measuring vibrations. 
The requirements of the driver depend 
on the facilities available for measuring 
these vibrations which can be specified 
by the sensitivity in terms of the ampli- 
tude. Having established the ampli- 
tude necessary for measurement, the 
size of the driving unit necessary is ap- 
proximately independent of the size of 
the structure to be vibrated as long as 
resonant frequencies are of primary con- 
cern. This statement may sound para- 
doxical until the facts are carefully 
examined as follows: 

Assuming harmonic motion, the power 
required to vibrate a structure can be 
shown to be equal to P = 3 F yo w where 


= 
DISCUSSION 
ing 
tur 
apt 
pro 
deg 
| 
can 
din 
as | 
ela: 
ter 
ing 
thi 
str 
sha 
wil 
len 
a rel 
Sin 
as 
str 
res 


Fis the damping force. For solid damp- 
ing such as that encountered in struc- 
tural materials, the damping force is 
approximately independent of frequency, 
proportional to the amplitude, and 180 
deg. out of phase with the velocity. 
The magnitude of the damping force 
can therefore be expressed as: F = 


dm where c is a non- 


dimensional damping coefficient defined 
as the ratio of the damping force to the 
elastic force which has been replaced in 
terms of the inertia force by consider- 
ing uncoupled motion. Substituting 
this expression in the equation for 


cw y*(x) dm. 


Considering geometrically similar 
structures of length ratio m, it can be 
shown that the resonant frequencies 
will be inversely proportional to the 


power, P => } 


1 
length, or w, = - w, where / and s 


refer to the large and small structures. 
Since the mass of the structure varies 
as n®, the power required to vibrate a 
structure with a specified amplitude at 
resonance remains independent of the 
size of the structure—that is at reso- 
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nance a given driver will produce equal 
amplitudes in the small and large speci- 
men. 

Similar analysis is applicable to the 
torsional motion with the same conclu- 
sion. The ratio of the power required 
for equivalent amplitudes will, however, 
be proportional to the cube of the fre- 


quency ratio. 
ax — 
ws 


Mr. GERALD PICKETT (author’s clos- 
ure, by letter) —Mr. Thomson’s discus- 
sion in regard to flexure-torsion coupling 
and in regard to the power required to 
vibrate geometrically similar structures 
has added to the paper. It is my opin- 
ion, however, that in case the cause of 
the coupling is some local structural 
weakness rather than eccentricity of the 
center of gravity, the equation for C? 
should be modified. 

For some problems, the last term in 
Eq. 6 can be omitted without introduc- 
ing appreciable error, but for the prob- 
lems here considered, this term 
contributes a considerable fraction of 
the total correction. 


ag 


P (torsional resonance 


P (bending resonance) 


tor, 
the 
side 
hen 
ible 
ned 
de- 
ons. 
end 
ring 
fied 
pli- 
pli- 
the 
ap- 
of 
& - 
ywer 
a 
here 


TEST CRITERION FOR AN INCOMBUSTIBLE MATERIAL 


By N. P. SETCHKIN! AND S. H. 


INGBERG! 


SYNOPSIS 


” 


The term “incombustible,” while in recognized use as indicating materials 
that will not ignite er burn, is indefinite in its application unless referenced 
to a well-defined testing procedure. Among testing methods, that adopted 
by the British Standards Institution, British Standard 476—1932, appeared 
to have the most promise of achieving the intended purpose. By this method 
the sample is heated gradually during the course of 1} hr. in a vertical elec- 
trically-heated furnace tube up to a temperature of 1382 F. (750 C.), and 
observations made of occurrence of flame, self-induced glow, or of gases 
that can be ignited by a pilot flame. 

Tests of a considerable number of materials were made by this method, in- 
cluding asbestos insulations with up to about 10 per cent of combustible 
constituents, acoustical and heat-insulating materials with a larger range 
in combustible content, and samples of magnesium, aluminum, aluminum 
alloys, tin, and zinc, in a range in particle sizes. The tests were conducted 
according to the British Standard and also, using the same equipment, by a 
modified method, involving heating the equipment to the final temperature, 


1382 F. 


The term “incombustible” is used in 
building codes and other regulations 
and in specifications often without 
being defined. An incombustible mate- 
rial means to the user of the word 
material that will not burn under con- 
ditions of exposure which he has in mind. 
It will not necessarily have the same 
meaning to others unless those con- 
ditions are defined. Thus, most metals 
will burn under certain conditions, and 
minor amounts of combustible constit- 
uents in an otherwise incombustible 
material will give it properties incon- 
sistent with those intended when in- 
combustibility is specified. 

In a survey of the field of definitions 


1 Associate Mechanical Engineer and Principal Mate- 
rials National Bureau of Stand- 
ards, Washington, D. 


, before introduction of the sample. 


and testing methods, those adopted by 
the British Standards Institution ap- 
peared to have the most promise of 
achieving the intended purpose. ‘hese 
are given in British Standard Definitions 
for Fire Resistance, Incombustibility 
and Noninflammability of Building 
Materials and Structures (Including 
Methods of Test) (British Standard 
476-1932). 

A sketch of the equipment for the in- 
combustibility test is given in Fig. 1 
(substantially the same as Fig. II in 
the British standard). The following is 
quoted from the above standard: 


*“INCOMBUSTIBILITY TEST OF MATERIALS 


“6. (a) Size of Specimens.—Materials for 


subjection to the incombus tibility test shall 


mat 
test 
of 1 
| 
Dust 
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be 2 in. X 14 in. X T (50.8 mm. X 38.1 
mm. X T), where T is the normal thickness 
in inches of the material if under 1} in. 


(3)) no further tests need be made and the 
material shall be deemed combustible. 
“(c) Conditioning.—The test specimens 


(38.1 mm.). Where the thickness of the shall be dried by heating at 212 F. (100 C.) 
material is over 14 in. (38.1 mm.) the _ for six hours. 
test specimens shall be cut to a thickness “(d) Method of Test.—The test specimens 
of 14 in. (38.1 mm.), shall be fixed centrally in the heating tube 
Suspension Wire 
Refractory Gas Pilot Flame Th 
>) over Opening, Leads 
LG 
ee 
58-9" diam 
— 3" diam. Cement 
Gasket Disk 
ap- 
of ] ry Sheet Iron 
| Observation Stand 
1ese Chamber 
ions }, with Mico 
lity _JWindow 
ling Bottom Cover with 
ling Nine diam. Holes 


Fic. 1.—Apparatus for Incombustibility Tests. 


g is ‘(b) Number of Specimens—The num- of the apparatus shown in Fig. II with its 
5 
of specimens to be tested shall be at the long axis vertical, and shall be supported 
retion of the testing authority. throughout the test. Y ae 
ALS If the first three specimens tested are “A light stirrup of nichrome wire, sup- 
found to be incombustible as set forth in ported by a length of nichrome wire passing 
; for paragraph (3) no more need be tested. If through the slit in the adjustable cover, 
shall aly specimen tested be found to be com- 


bustible on the same standard (paragraph 


may be used for supporting the specimen. 
“During the test the adjustable cover 


= a 


shall be so arranged that there is an opening 
about 1 sq. in. (6.45 sq. cm.) in area below 
the pilot flame. 

“The apparatus is heated by passing a 
suitably regulated source of electric current 
through the nichrome resistance wire sur- 
rounding the heating-tube. 

“The temperature of the tube shall then 
be increased by 900 F., or 500 C., per hour 
at as uniform a rate as possible. The test 
shall be discontinued when a temperature 
of 1382 F. (750 C.) has been reached. 

“The temperature of the tube shall be 
taken as that shown by a thermo-couple 
situated at the level of the center of the 
specimen and equidistant from the inner 
surface of the heating-tube and the middle 
of one of the 1} in. (38.1 mm.) wide sides 
of the specimen. The wires of which the 
thermo-couple is made shall be between 18 
and 26 S.W.G. thickness, and shall be bare 
for a length of 1 in. (25.4 mm.) from the 
junction. 

“(e) Standard of Incombustibility—A 
material shall not be considered to be in- 
combustible within the meaning of clause 
2 of this specification if at any time during 
the test period the specimen :— 

(i) flames, 

or 

(ii) glows brighter than the walls of the 
heating-tube, and, if glowing at all, the 
glow does not immediately diminish when 
the specimen is lowered to the center of the 
observation chamber”’ 


EQUIPMENT AND TESTING METHODS 


To obtain information experimentally 
on the application of the method, 
equipment was constructed substan- 
tially in accord with the given British 
standard except that the enclosure for 
the insulation around the furnace cham- 
ber was made round instead of square. 
Also, to obtain better information on the 
self-heating within the specimen, three 
thermocouples were used, No. 1 on the 
outside of the refractory furnace tube, 
No. 2 attached to the sample with the 
couple on or near its surface, and No. 3 
in the middle of the sample. Tests were 
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conducted with temperature rise of the 
furnace as indicated by thermocouple 
No. 2 following the British standard, 
namely, a uniform rate of rise of about 
900 F. (500 C.) per hr., reaching a fina] 
temperature of 1382 F. (750 C.) in about 
13 hr. This gradual heating did not, 
however, induce ignition of materials, 
the properties of which were otherwise 
indicated as not consistent with what 
should be expected of an incombustible 
material. 

With a rising temperature, minor 
amounts of combustible constituents 
may oxidize or char so slowly that no 
evidence of flame, self-induced glow, or 
explosion appears. The Bureau’s ex- 
perimental work on the ignition tempera- 
tures of materials has shown that better 
indications of ignition can be obtained 
by plunging the specimen into a pre- 
heated furnace than by gradual heating. 
Accordingly, in addition to making tests 
as defined in the British standard, tests 
were also made by raising the tempera- 
ture within the furnace tube to 1382 F. 
(750 C.) before introducing the speci- 
men. To make convenient the intro- 
duction of the test sample the refractory 
cover was made in two pieces. Pow- 
dered samples were in copper mesh con- 
tainers. 


SUMMARY OF RESULTS 
(a) Asbestos Insulations: 

Tests according to the above methods 
were made with corrugated asbestos 
paper insulations that had been applied 
as insulation in prefabricated chimneys 
for temporary demountable emergency 
housing. These were placed with an 
air space over enameled metal flue pipes 
within which flue gas temperatures of 
1000 F. or more might obtain when 
connected to heating equipment burning 
solid fuels. Under these conditions it 
was found in the use and tests of these 
installations that self-heating and glow 
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Fic. 2.—Time-Temperature Curves for Chimney Asbestos Insulation (BS - 31). 


TABLE I.—INCOMBUSTIBILITY TESTS OF ASBESTOS CHIMNEY INSULATIONS BY BRITISH 


STANDARD METHOD AND MODIFIED METHOD. 
Sample size, 2 by 1!4 in. by thickness, latter not over 114 in. 


y 


B 
B 


| Carbon, per cent Total British Method | Modified Method 
| Outside | 
utside eig } 
Mark finish at 1832 | 
Total Organic Ignition 8, | Ignition 
g. 
per cent Fahr. 
INDICATED AS INCOMBUSTIBLE BY Bota MeTHops 
0.8 | 0.5 14.5 | None | None | None 
1.0 0.5 14.4 None None | None 
5 i 2.5 4.7 18.8 None None None 
_ Se Painted 2.4 | 1.4 17.6 None 90 None 
___ aS | Asbestos 1.8 | 1.4 17.3 None 158 None 
ES | Asbestos | 2.2 | 2.0 18.2 | None 144 None 
INDICATED AS INCOMBUSTIBLE BY British MetHop BUT Not BY BurEAU Metuop 
| eee Paper 4.0 3.5 | 22.8 | None 324 Flame and glow 137 
Paper 3.9 Not deter- | 21.2 None 313 Flame and glow 234 
mine 
(ae Paper 5.0 4.6 | 24.1 None | 464 Flame 252 
5.4 | 5.1 25.6 | None 481 Flame 144 
stos | 52 | 4:5 25.6 | None | 545 | Flameandglow | 252 
869 


Air Temperature 
No Gi 
/ 
WZ 
hy co 
0 
0 80 90 
B 


would be induced in insulations contain- 
ing more than very minor amounts of 
combustible materials such as wood 
fiber or starch. This heating resulted 
in high surface temperatures which 
caused ignition of any combustible cover- 
ing or combustible material in contact 
with the chimney. 

The results of the tests are given in 
Table I. The determination of total 


TABLE II. 
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the carbon content the content of com- 
bustible constituents can be computed, 
Thus, the starch or cellulose content, 
both of molecular formula Cs Hig Os, will 
be about 2} times that of the organic 
carbon content. The loss on ignition 
at 1832 F. (1000 C.) is from the com- 
bined water in the asbestos fiber as well 
as the carbon of organic and inorganic 
origins. 


INCOMBUSTIBILITY TESTS OF ACOUSTICAL TILES BY BRITISH STANDARD 


METHOD AND MODIFIED METHOD. 


Sample size 2 by 1)4 in. by thickness, latter not over 114 in. 


| | Carbon, per cent | British Method Modified Method 
| 
| Classification per Tots}, | 

Mark@ | Federal Specifica- | Weight Self- Self- 
| tion SS-A-118 Total Organic | at 1832F.| Ignition Ignition — 
| | Fahr. Fahr. 

INDICATED AS INCOMBUSTIBLE BY BotH METHODS 
| eee Incombustible 0.5 | 0.1 5.0 None | None None None 
rr Incombustible ta | 1.0 4.9 None None None None 
OR Incombustible 7.9 0.6 29.3 None None None None 
— ESS: Incombustible _ if 4.9 1.6 20.2 Glow in 259 Flame in | None 
without paper paper only paper only 
covering 
INDICATED AS INCOMBUSTIBLE BY British METHOD BUT Not BY BuREAU METHOD 
eee Incombustible | 6.0 a8 37.5 None | 122 Flash | 54 
F.........| Fire-retardant 6.9 6.5 | 16.2 None 869 Flame 180 
ane Fire-retardant 11.4 Not deter- 19.6 None | 851 Flame 270 
mined } 
INDICATED AS Not INCOMBUSTIBLE BY Bota METHODS 
T | Slow-burning | 46.2 | Not deter-| 16.2 | Flame 1202 Flame 270 
| mined 


| 


@ The principal constituents of the acoustical tiles are as follows: 
J. Expanded slag aggregate with portland cement binder. 


S. Mineral wool with sodium silicate binder. 
H. Lime and silica foaming agent. 


R. Gypsum and foaming agent, covered with corrugated heavy paper on one side. 
U. Compressed asbestos wool with cement and casein paint on one side. 


F. Mineral wool bound with starch. 


_Cand T. Compressed mineral wool with asphalt binder. 


carbon was made by burning a sample in 
a tube furnace in oxygen at 1832 F. 
(1000 C.), the carbon being computed 
from the weight of carbon dioxide and 
carbon monoxide given off. This is 
subject to a correction for the carbon 
from inorganic carbonates that may have 
been present, determined by prolonged 
digestion in hot dilute hydrochloric 
acid. The difference was taken as the 
carbon from organic compounds. From 


It is seen from Table I that all of the 
samples of asbestos insulation would be 
rated as incombustible by the British 
method of testing but that by the modi- 
fied procedure involving initial heating 
of the furnace to 1382 F., only those 
insulations containing 2 per cent or less 
by weight of organic carbon were # 
rated. The ignition was indicated by 
appearance of flame and glow in the 
sample. The gases given off by the 
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specimen were not ignited by the pilot 
flame nor did they cause ignition of the 
specimen although at times they gave 
color to the flame. 

In Fig. 2 are given the temperature 
curves from the test at rising tem- 
perature and at constant temperature 
for specimen BS-31 containing 3.5 per 
cent of carbon of organic origin. It is 
seen that with the test conducted ac- 
cording to the British Standard, there 
was considerable self-heating, beginning 
at a temperature of about 300 F. (150 
C.) but the rise was not high enough to 
cause ignition. With the constant-tem- 
perature method, the rise of temperature 
within the specimen was very rapid and 
ignition occurred within a few minutes. 


(b) Acoustical Tiles: 


In Table II are given the results with 
acoustical tiles obtained by the same 
methods as are outlined above. In the 
table are also given the classification of 
these tiles as tested according to Federal 
Specification SS-A-118 for Prefabricated 
Acoustical Units. 

In the test under the Federal Speci- 
fication the specimen, 3 by 3 ft., is 
mounted in a horizontal position on an 
angle frame enclosing an area of 30 by 
30 in. A flame from a j-in. gas-air 
burner is directed against the center of 
the specimen, the top of the burner 
being 283 in. below the specimen. The 
intensity of the fire exposure is gaged 
with a thermocouple placed 1 in. below 
the center of the specimen. For mate- 
rials to be classed as “‘incombustible” 
or “fire-retardant” the more severe 
exposure following the “Columbia” time- 
temperature curve is used, and for classi- 
fication of “slow-burning” or ‘“com- 
bustible” the less severe exposure with 
indicated temperatures following the 
standard curve. The duration of the 
test for the former is 40 min., and for 
the other, 20 min. To classify as other 
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than “combustible” no flame from the 
specimen must reach the angle frame 
during or after flame application nor 
shall glow progress to the edge of the 
specimen. For the “incombustible” 
classification no flame shall issue from 
the specimen and the glow shall not 
progress beyond the fire-exposed area. 
To qualify as “Fire-retardant” any 
flaming must be limited to short inter- 
mittent flashes. All flaming shall cease 
within 2 min. after the test flame is 
discontinued for the “fire-retardant” 
classification, and within 5 min. to 
qualify for the “slow-burning” class. 

The determinations of total carbon 
and organic carbon were made as pre- 
viously indicated. The total loss at 
1832 F. includes combined water given 
off at this temperature but not in the 
preliminary drying at 220 F. In the 
case of samples C and 7, the organic 
carbon was not determined, but the 
total carbon was probably in large part 
from the asphalt binder. 

It is seen (Table IT) that by the Brit-— 
ish method materials containing over 
6 per cent of organic carbon are rated as 
incombustible, whereas by the Bureau 
method none with over 2 per cent are 
so classified. The sample R without the 
paper covering would be classed as in- 
combustible by both methods, but not 
with the paper. 

The accord between the results of these 
tests and those conducted according to 
Federal Specification SS-A-118 is as 
good as can be expected for widely dif- 
fering methods. It is recognized that 
with the method of the Federal Speci- 
fication it is difficult to distinguish be- 
tween a highly fire-retardant and an 


incombustible material. 


In Table III are given results of igni- 
tion tests, using the British apparatus, 
by both the rising and constant tem-— 


(c) Metals: 


: 
None 
None 
None 
None 
54 
180 
270 
270 ‘ 


TABLE III.—IGNITION TESTS WITH METALS 


All samples of approximately 3 g. weight unless otherwise noted. 


sk 
Particle Size, Sieve | British Apparatus Rising | British Apparatus Constant | Constant. 
Number Temperature Method Temperature Method Temper. 
ature 
Method 
Material | 
Self. 
ses of Furnace of Furnace emper- 
Passed | Retained on | Ignition Ale, des. Ignition Ais, dee. 
Fahr. Fahr. | deg, 
| | 
- Magnesium, cast.....} Single piece 2 by 14 | Flame 1144 
by % in. (35 g.) 
Magnesium, cast Single piece Flame 1081 Flame 1078 1076 
Magnesium ribbon. One coil | Flame 1049 Flame 1004 1004 
50 70 946 
70 100 943 
Magnesium powder. 70 200 939 
100 200 Flame 959 Flame 941 936 
200 325 918 
70 None (Up to 1670 Nor (Up to'1562)| 
: . . 7 No pto ) None Jp to 1562) we: 
Aluminum filings....{) 79 200 None | (Up to 1652) None (Up to 1594) | 
filings plus} 
2 per cent stearic! 
acid. 70 200 oe None 1382 
Aluminum filings plus} 
5 per cent stearic 
70 200 None 1382 
Aluminum paint pow-) 
. der (1 per cent! 
gtearic acid coat- 
ing) 100 200 Flame 1076 Flame 959 
: (41 per cent) 
Aluminum paint pow 
der (2 per cent 
stearic acid coat- 
ae aa 100 200 Flame 1004 Flame 959 
(41 per cent) 
_ The above, washed in 
ethyl ether and al-| 
cohol (0.7 per cent 
stearic acid left)... 100 200 ‘ae — Flame 1382 
: | (41 per cent) 
Atomized aluminum) 81.5 per cent pass ia None 1382 
wder 325 
ultra fine aluminum 
: : 70 1 None p to None 1382 
Duralumin powder..)/ 499 200 None | (Upto 1382); None 1382 
Aluminum plus 5 per | 
cent silicon. .... 70 200 | None (Up to 1382) None 1382 
Aluminum alloy (Cu | 
Si Fe) A 70 200 None (Up to 1382) | None 1382 
Tin chips (20 g sam- 
70 None 1382 
(Avg. 1 g.) 
Tin drillings (15 g 
PE ssiesncasic 70 None (Up to 1382) | None (70 F. 1382 
(Avg. rise) 
g. 
70 se glow 1094 Bright glow 1094 
rise) 
. 100 Dull glow 1076 Bright glow 1076 
(306 | 
Tin powder......... rise) 
100 200 Bright glow 908 Bright glow 968 
| (430 F, 
rise) 
200 325 | None (144F, | (Up to 1382) | Bright glow 842 
rise 
Zinc nuggets (20-g. 
; sample)..... Avg. weight 1.2g. | None (Up to 1382) None 1382 
Zinc chips (20-g. — 
RARE 70 | None (Up to 1382) None 1382 
(Avg. 1g.) | 
Zinc drillings (15-g. 
(Avg. 0.01 g.) None (Up to 1382) Flame 1382 
. None p to 13 ‘lame 1382 
Zinc powder........5} 299 Flame 1202 Flame 1202 
200 300 } None (Up to 1382) Flame 1382 
Iron, carbonyl...... 325 None 1562 
: 325 None (250F. 1544 
Iron, electrolytic.... rise) 
325 None | 1634 
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rature methods. In the last column 
of the table are also given the self- 
ignition temperature of magnesium as 
determined in a test tube inserted in a 
1000-m]. flask maintained at given con- 
stant temperatures. Air at the tem- 
perature of the flask is drawn through 
the sample at a rate determined by trial 
to give the lowest self-ignition tem- 
perature. The self-ignition temperature 
is the lowest initial temperature of the 
sample and flask contents from which 
self-heating resulting in ignition will 
occur, aS evidenced by flame, explosion, 
or self-sustained glow. 

Since it was known from previous work 
that ignition of magnesium would occur 
at lower temperatures than 1382 F. 
(750 C.), the tests in the British appara- 
tus were made at lower temperatures, 
ignition using the constant temperature 
method being obtained at nearly the 
same temperatures as in the 1000-ml. 
flask with a sample of comparable size. 
With the rising temperature method, the 
temperatures causing ignition were some- 
what higher. 

The aluminum in the various samples 
was, as far as known, of the commercial 
degree of purity or about 99.2 per cent 
aluminum. Some samples were pre- 
pared for the tests by sieving filings from 
aluminum castings, the particles being 
more or less spherical, cubical, or 
rectangular in shape. The paint pow- 
ders were flat and coated and polished 
with stearic acid, applied in part by 
mechanica’ rubbing and agitation to 
form a unuorm and homogeneous coat- 
ing. The atomized aluminum powder 
is produced by dispersing molten alumi- 
hum with steam or compressed air jets. 

It is seen (Table III) that no ignition 
was obtained with aluminum filings, the 
tests being extended with temperatures 
considerably above the 1382 F. limit for 
the British test. Ignition was, however, 
readily obtained with the aluminum 
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paint powders coated with stearic acid 
to the extent 1 or 2 per cent by weight. 
Attempts to remove the stearic acid 
coating were only partially successful. 
The powder, with residual coating ap- 
proximating 0.7 per cent of its weight, 
ignited nearly as readily as the original 
material. An attempt was made to 
increase the combustibility of the fine 
aluminum filings by coating to the ex- 
tent of 2 and 5 per cent of the weight 
with stearic acid dissolved in ethyl ether 
and evaporated while agitating the 
mixture. While a flash of flame was 
obtained from the coating, the aluminum 
did not ignite and was only partly oxi- 
dized. This leaves open the question 
of whether the paint powder ignited 
because the flat shape of the particles 
gave a relatively large ratio of surface 
to volume, and the extent to which ig- 
nition was induced by the coating. 

The only ignition of uncoated alumi- 
num powder was obtained with the ultra 
fine atomized sample of particle size 
less than 0.001 in. In the fineness 
tested, three aluminum alloys, with 
samples obtained by sieving fine filings 
from the cast material, did not ignite at 
furnace temperatures up to 1382 F. 

Ignition as evidenced by intense glow 
was obtained with powdered tin at 
temperatures in the range 842 to 1094 
F., depending on fineness and testing 
method. These should not necessarily 
be regarded as the lowest or self-ignition 
temperatures, but they suffice to show 
that under the conditions of the con- 
stant temperature method, ignition oc- 
curs at temperatures considerably below 
1382 F. In one test by the rising tem- 
perature method, the fine powder did 
not ignite, possibly because of oxidation 
at the lower temperatures at a rate that 
did not induce ignition. In this as in 
some of the other tests not resulting in 
the bright glow indicating ignition, 
there was self-heating of the sample to 
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SETCHKIN AND INGBERG 


temperatures considerably above that 
of the furnace air. No ignition was ob- 


tained with two samples of tin chips and 


drillings, the particles of which averaged 
1 g. and 0.014 g. in weight, respectively. 

Samples of zinc nuggets, made by 
dropping molten zinc into water, did not 
ignite nor did zinc chips or drillings ex- 
cept for particle size averaging 0.01 g. 
with which ignition was obtained by the 
constant temperature method. With 
the powder samples ignition was ob- 
tained by one or both methods, the oc- 
currence of flame being a more definite 
evidence of ignition than the glow ob- 
served with tin. With the rising tem- 
perature method the finest powder did 
not ignite, possibly for the reason indi- 


cated in the case of the fine tin powder. 


No ignition occurred with the two 
kinds of fine iron powder as tested under 
constant temperatures up to 1634 F. 
Considerable self-heating was observed, 
recorded in one test as 250 F. above the 


furnace temperature. 


DISCUSSION 

The results herewith submitted indi- 
cate the possibility of defining an incom- 
bustible material in terms of performance 
tests such as those outlined above. No 
definition in terms of chemical com- 
position would be generally applicable. 
Minor amounts of combustible con- 
stituents do necessarily give performance 
inapplicable for an incombustible mate- 
rial and the permissible percentage 
thereof apparently is dependent on the 
nature of the components and possibly 
other factors such as state of sub- 
division and distribution. 

The correlation in the performance of 
the materials in the incombustibility 
tests as given in Tables I and II, and in 
the larger scale chimney and acoustical 
tile tests referred to above, is as satis- 
factory as can be expected. This is 
true particularly for the constant tem- 


perature test condition with _ initia] 
heating of the test chamber to 1382 F, 
(750 C.) before introduction of the 
sample. It is also appreciated that 
without a very uniform distribution of 
the combustible content, a sample taken 
for carbon determination and the incom- 
bustibility tests may nt be fully repre- 
sentative of the larger samples sub- 
jected to the other tests, which may 
give rise to minor apparent incon- 
sistencies. 

The application of the results to metals 
can be made under two categories, one 
concerning members, pieces, and _par- 
ticles larger than powder or dust, and the 
other, the fire and explosion hazard of a 
mass or cloud of the more or less finely 
divided material. Under the former, 
the results with magnesium indicate that 
it cannot be considered an incombustible 
material because ignition was obtained 
even with as large a sample as required 
under the British specification. Igni- 
tion of aluminum was obtained only 
with coated powder or very fine un- 
coated powder, and hence, as judged by 
the present procedure it can be taken 
as incombustible if not in powder or dust 
form. ‘The same applies for the alumi- 
num alloys included in the tests which 
did not include alloys with magnesium 
except for duralumin containing less 
than 2 per cent thereof. With iron, no 
ignition was obtained even with the fine 
powder, hence a similar conclusion is 
justified. Tin and ziac ignited only in 
samples of particle size corresponding 
to coarse or finer powders and then only 
consistently as tested by the constant 
temperature method. In the usual form 
of sheets and coatings they have not 
been indicated as a fire hazard under fire 
exposure in structures in which they are 
used or in fire tests of component parts 
of such structures. 

At the other end of the scale of par- 
ticle size, the tests conducted and the 
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method as such should not be taken as 
indicative of all conditions and degrees 
of fire and explosion hazard of metal 
powders and dusts. The tests con- 
cerned were included to show that in- 
combustibility with one particle size 
does not necessarily mean that the same 
material in a more finely divided con- 
dition will not ignite under the same 
conditions. It is also noted that no 
tests were included with samples repre- 
sentative of material dispersed as dust 
clouds. 


While the present tests and discussion 
have been concerned only with the ig- 
nition properties of solids, the extent to 
which similar test methods are applicable 
to liquids and gases may be of interest. 
Several methods have been used for the 
determination of the self-ignition tem- 
perature of liquids, the most consistent 
results from the standpoint of fire and 
explosion hazards being obtained by 
injecting a sample into a chamber 
heated to a given constant temperature, 
with size of sample and chamber pro- 
portioned within practical limits to give 


IGNITION TEMPERATURE 
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conditions most favorable for ignition. 
After a brief initial drop in temperature 
within the chamber, the temperature 
will rise to or beyond the initial tem- 
perature, depending on whether there is 
any self-heating within the mixture. If 
such occurs, it may heat it up to a given 
temperature and then recede without 
ignition or the self-heating may continue 
up to the point where ignition as evi- 
denced by flame or explosion will occur. 
The self-ignition or autogenous ignition 
temperature is defined as the lowest 
initial temperature of the gas-air mix- 
ture in the chamber from which it will 
self-heat up to the point where ignition 
occurs. It is thus seen that the method 
is comparable with the constant tem- 
perature method for solids described 
above. 

Similar methods have been applied 
for gases as well as some involving flow 
of the mixture through heated tubes 
during the ignition reaction. In no 
case have self-ignition temperatures 
higher than 1382 F. (750 C.) been 
found for liquids and gases by any 
method that can be regarded as indi- 
cating ignition due to self-heating rather 
than from contact with hot surfaces or 


other extraneous sources of ignition. 
> 


tial 
the 
hat 
of 
cen 
ym- 
yre- 
ub- 
lay 
on- 
tals 
one 
the 
fa 
ely 
ner, 
hat 
ible 
ned 
ired 
gni- 
nly 
un- 
| by 
ken 
lust 
Sich | 
jum 
less 
, no =» 
fine 
n is va 
y in 
ding 
tant 
orm 
not 
r fire 
arts ° «2 
. 


Mr. Hytton R. Brown! (by letter).— 
As stated in the first paragraph of this 
_ paper, the term “incombustible” may 
have different meanings depending on 
a number of conditions. This is par- 
ticularly evident in connection with tests 
involving metals or metal powders. The 
authors point out that all of the metals 
included in these tests with the exception 
of magnesium may be classified as in- 
combustible unless the material is in 
the form of finely divided metal powder, 
and some of the metal powders in quies- 
cent layers may also be classified as 
“incombustible” under accepted methods 
of testing, although it is well-known that 
most metals will burn under certain con- 
ditions and metal-powder explosions and 
fires have caused extensive loss of life 
and property. The conditions noted 
apparently indicate the necessity of dis- 
tinguishing between block specimens 
and powdered or finely divided forms of 
the same material in any definition or 
statement on the combustibility or in- 
combustibility. It also seems particu- 
_ larly desirable as a safety measure to 
incorporate in any statement on the 
~combustibility or incombustibility of 
~ such products a warning that certain 
"powders which do not ignite readily in 
layers may be ignited by comparatively 
weak static sparks when they are in 
_ suspension in air as a cloud and under 
such conditions may produce a violent 

explosion. 
The ignition temperatures reported 
_ for some of the metal powders check 


1 Senior Engineer, Bureau of Mines, U. S. Department 
_ of the Interior, College Park, Md. 
4 _ Published by permission of the Director, Bureau of 
ines. 


DISCUSSION 


quite closely with those reported by other 
investigators, but in several cases con- 
siderable differences are noted. For in- 
stance, the ignition temperature re- 
ported for one of the samples of tin 
powder is identical with that given by 
Irving Hartmann,? but the ignition tem- 
perature reported for the sample of 
ultrafine aluminum powder is more than 
400 F. higher than that obtained by 
Hartmann in tests with the same product 
some time ago in a different type of 
furnace. It is also interesting to note 
that the authors were unable to obtain 
ignitions of carbonyl iron or electrolytic 
iron at temperatures up to 1562 F. and 
1634 F., respectively, when ignitions of 
quiescent layers of similarly designated 
powders have been obtained by other 
investigators with different apparatus at 
temperatures below 750 F. 

The authors mention one test in which 
oxidation at lower temperatures may 
have been responsible for the failure to 
obtain ignition. Other investigators 
have had similar experiences. In one 
case where a number of samples of freshly 
milled metal powder were weighed and 
left exposed on a table while ignition 
tests were being made, the readings ob- 
tained were progressively higher as the 
tests proceeded and the difference was 
believed to have been due to oxidation. 
The ultrafine aluminum powder supplied 
to the authors for these tests was not 4 
fresh sample and this fact may explain 
the higher ignition temperature readings 
obtained. 


2 Irving Hartmann, ‘‘Inflammability and Explosibility 
of Metal Powders,” Bureau of Mines Report of Investl- 
gations 3722. 
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Another apparently important factor 
in combustibility tests with powdered 
products is touched on only briefly. 
For one group of powders tested, the 
authors report that the rate of air flow 
through and around the sample was de- 
termined by trial to give the lowest self- 
ignition temperature. C. R. Brown? 
deals more extensively with this subject 
and points out that for each material or 
possibly class of material there is a cer- 
tain rate of air flow that should give 
minimum values. 

In addition to distinguishing between 
block specimens and powder samples in 
reports on combustibility, it appears to 
be necessary to incorporate in any stand- 
ardized test to determine the combusti- 
bility of a powdered product some 
provision for the control of air flow 
through and around the sample. It is 
also evident that length of exposure to 
air or slow heating of samples at tempera- 
tures below the ignition point should be 
considered in drawing any conclusions 
from the results of combustibility tests 
with metal powders. 

Messrs. SETCHKIN AND INGBERG 
(authors’ closure by Jetter).—The present 
paper is concerned mainly with the 
investigation of a testing method for 

+C. R. Brown, ‘The Determination of the Ignition 


Temperatures of Solid Materials,” Catholic University 
of America, Washington, D. C. (1934). 


defining a combustible material rather 
than determining how any considerable 
range in variety or condition of materials 
will be classified by the test. A reserva- 
tion thereon is made in the paper with 
particular reference to metal powders. 
Mr. Brown indicates that the degree of _ 
oxidation thereof is an important con- 
sideration although the low ignition 
temperature he cites for iron powder 
may be in part due to differences in 
apparatus and testing methods. 

It is also to be noted that the method 
does not necessarily determine the lowest 
self-ignition temperature. The size of 
specimen, design of the apparatus, and 
method of operation is fixed by the © 
specification covering a method such as 
the one under discussion. This applies 
particularly as it concerns the air flow 
which is governed by the design of the 
equipment. In the determination of 
self-ignition temperature, the air flow 
and size and condition of specimen are 
varied so self-heating resulting in igni- 
tion will be initiated at the lowest tem- 
perature attainable with the equipment. 
While some of the tests with the appara- 
tus as reported in Table III were made at 
higher or lower temperatures, all others 
were made at constant or final tempera- 
ture limit of 1382 F. (750 C.) taken as 
the criterion of incombustibility. 
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FATIGUE TESTS OF A LAMINATED MITSCHERLICH-PAPER PLASTIC 


By WI N. 


SYNOPSIS 


Two methods of fatigue testing applicable to laminated plastics are de- 
scribed, and the results of fatigue tests of a Mitscherlich-paper laminate 


are reported. 


Fatigue tests on rotating-beam type fatigue machines show 


the effect of speeds of testing, from 500 to 14,000 rpm., on the fatigue 


strength. 


Results of fatigue tests obtained with the same type of machine 


show the effect of temperature from —75 F. to +400 F. on the fatigue 


strength. 
also shown. 


The effect of a notch on the fatigue strength of this material is 


Data obtained with a fatigue machine of the constant amplitude-of-de- 
d flection type show the effect of different ranges of stress on the fatigue 
_ strength in bending, and also the effect of different ranges of stress on the 


fatigue strength in torsion. 


High-strength laminated plastics are 
currently of considerable interest, as 
load-carrying parts, in semi-structural 
applications in aircraft, ships, and other 
military equipment. Much interest is 


also being expressed in the potential use 


Jaminate, 


of such materials for structural com- 
ponents of aircraft. Many of the cur- 
rent and potential uses of these materials 
are in applications in which the materials 
must resist repeated loadings as well as 
static loads, so that the fatigue charac- 
teristics of these materials are of real 
importance. 

The tests reported in this paper con- 
stitute a study of the mechanical char- 
acteristics of a high-strength paper-base 
molded from Mitscherlich- 
type paper. This is the concluding por- 
tion of a report on a comprehensive series 
of mechanical tests of this laminate. In 
a previous paper (1)? the short-time 

1 Assistant Professor of Theoretical and Applied Me- 
chanics, College of Engineering, University of Illinois, 


Urbana, Ill. 
2 The boldface numbers in parentheses refer to the list 


of references appended to this paper, see p. 902. 


static properties and creep properties of 
the material were reported. 

Several investigators have reported 
fatigue tests of various types of plastics. 
The materials tested have included sev- 
eral thermoplastic materials (2, 3, 4,5) 
phenolic molding materials with different 
types of fillers (6, 7, 8, 9) and different 
types of laminated plastics (8, 10, 11, 12, 
13). One investigator has reported fa- 
tigue tests of a high-strength laminated 
paper plastic at room temperature for 
completely reversed stress cycles (10). 

As far as the author has been able to 
determine the present series of tests in- 
cludes the only available results of fa- 
tigue tests of plastics at temperatures 
above room temperature, at tempera- 
tures as low as —75 F., and of torsion 
fatigue tests of plastics in which the 
effect of range of stress was studied. 


MATERIAL 


The laminate for these tests was sup- 
plied by the Taylor Fiber Co., in Decem- 
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ber, 1942, and was made of high-strength 
Mitscherlich paper bonded under low 
pressure with a low-pressure type of 
phenolic resin. The Mitscherlich paper 
was made from wood pulp by the sulfite 
process. Data on the manufacturing 
conditions and materials used in prepar- 
ing this laminate are described in detail 
in the previous paper on tests of this 


laminate (1). 


The specimens used for the fatigue 
tests in this investigation are shown in 
Fig. 1. All specimens were cut from the 
sheet in such a way that the long axis 
of the specimens was parallel to the grain 
of the paper used in the laminate. The 


A “ 
3f" Srod. Section A-A 
(a) Unnotched Rotating Beam 


= 


Section A-A 


- 
(b) Notched Rotating Beam 


Section A-A 


Bending or Torsion 


Fic. 1.—Specimens for Fatigue Tests. 


test sections were prepared by turning 
on a lathe, using tools of high-speed 
steel, whose cutting edges were main- 
tained razor sharp by repeated honing. 
The 2-in. radius used on specimens a and 
¢ was produced by swinging the com- 
pound of the lathe by means of a tangent 
screw, so that the lathe tool traveled in 
a2-in. arc. Considerable difficulty was 
encountered in machining this laminated 
material because of its tendency to chip 
when cutting against the laminations. 
This difficulty was minimized by using 
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high-cutting speeds and very sharp tools. _ 
All specimens were finished by sanding 

with No. 000 emery paper. The final 
strokes used in the sanding operation 
were made by hand, longitudinal to the - 
specimen’s axis. All specimens were > 
prepared in a room which was main-— 
tained at a constant temperature of | 
77 + 1 F., and a constant relative. 
humidity of 50 + 2 per cent, and were 
allowed to remain in this room for at 
least two weeks before the tests were 
started. All tests were performed in 
this room at the constant temperature 
and humidity indicated above, except 
those tests which were performed at 
high and low temperatures. These tests - 
were run in a special cabinet as described - 


below. 
DEFINITIONS 


The term fatigue, as currently applied © 
to behavior of engineering materials, 
refers to a condition brought about by a_ 
repeated deforming or loading of a mem- 
ber or specimen. ‘The condition brought 
about by this repeated loading is a brittle 
cracking of the material, which develops — 
more or less slowly and progresses as one } 
or more cracks (or sometimes as a general — 
fragmentation without well-defined 
cracks), which under many circum- 
stances continues to spread until the 
member is completely fractured. 

In order to measure the resistance of a _ 
material to failure by fatigue it is neces- 
sary to define some measurable quantity — 
which will reflect this condition. One 
measure of the resistance to failure by 
fatigue is the well-known endurance 
limit—the maximum value of sernating 
stress below which the material will not | 
fracture from fatigue for an indefinitely 
large number of cycles of stress (or de- 
formation). It is applicable only for 
materials such as mild steel and cellulose 
acetate which exhibit the limiting value 
of stress just described. Other aatinie, 
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such as aluminum alloys and plastics of 
the type under consideration, do not 
appear to have such a limiting value, at 
least such a limiting value of stress has 
not been demonstrated for these ma- 
terials by tests lasting for 10° cycles. 
For such materials a different quantity 
must be used as a measure of their re- 
sistance to failure by fatigue. The 
quantity used in this paper, referred to 
as the fatigue strength, is defined* as the 
maximum amplitude of an alternating- 
stress cycle which will not cause fatigue 


which the endurance limit is reached, it 
may be desirable to use the fatigue 
strength at, say, 10* cycles, rather than 
the endurance limit when designing a 
part to be made of a material which has 
an endurance limit. 

The above definition of fatigue 
strength has been based on, yet does not 
define, fatigue failure. When has a part 
failed by fatigue? At the time that a 
minute crack has just started, at the 
time when the member has become com- 
pletely fractured, or at some _ inter- 


Fic. 2.—Kotating Cantilever-Beam Type Fatigue Testing Machine. 


failure of the material for a stated num- 
ber of cycles of alternating stress. It is 
necessary to qualify further the fatigue 
strength by stating the value of the 
mean stress, in the stress cycle, together 
with the sign of the mean stress (tension, 
+, or compression, —). The mean 
stress may be defined as the algebraic 
average of the maximum stress and 
minimum stress in the stress cycle. 

In cases in which the number of stress 
cycles occurring in the life of a part is 
much less than the number of cycles at 

2Tentative Method of Test for Repeated Flexural 


Stress (Fatigue) of Plastics (D 671-42 T), 1944 Book of 
A.S.T.M. Standards, Part III, p. 1638. 


mediate stage? One may answer that 
fatigue failure has commenced with the 
start of the first crack, yet who has the 
patience or eyesight to detect an incipient 
crack. On the other hand, one might 
say that complete fracture is a satis- 
factory means of defining fatigue failure; 
however, in large-size members, members 
which last but a few cycles, or members 
made up of fibrous materials, the number 
of load cycles occurring between incep- 
tion of the first crack and complete frac- 
ture of the part may be a very large 
proportion of the total number of cycles 
sustained, in which case complete frac- 


ture 
defini 
Fo! 
of tes 
fatigu 
a cra 
have 
arbit1 
crack 
and | 


Fic. 3 


for tl 
empl 
cusse 


Rot 


Macl 


é 
Th 
tests 
as sl 
consi 
to w 
C0-aXx 
shaft 
outer 


FINDLEY ON FATIGUE TESTS OF A LAMINATED PLasTIC 


ture would hardly be a satisfactory 
definition of fatigue failure. 

For the purposes of the present series 
of tests the author has elected to define 
fatigue failure as having occurred when 
a crack or cracks of a certain severity 
have developed. This, of course, is an 
arbitrary definition. The severity of 
crack selected for the above definition 
and the method of measurement used 


Fic. 3.—Rotating (¢ 


ver-Beam Fatigue Machine Equipped with Apparatus for ( 


split collet machined. integrally with the 
shaft. The entire assembly (spindle, 
specimen, and extension shaft) was ro- 
tated by a motor driving through a 
V-belt. 

The specimen was bent downward by 
a load applied to the end of the extension 
shaft C. This load was produced by a 
beam and poise mechanism, D. The 
stress, 0, at the minimum section of the - 


ntrolling the 


Temperature over a Range from —75 F. to +400 F. 


for the size of specimen and type of test 
employed in this program will be dis- 
cussed for each type of apparatus. 


ROTATING-CANTILEVER-BEAM FATIGUE 
TEstTs 
Machines: 

The rotating-cantilever-beam fatigue 
tests were performed on machines such 
as shown in Fig. 2. These machines 
consisted of a motor-driven spindle B, 
to which the specimen A was attached 
co-axially by means of a split collet. A 
shaft extension C was fastened to the 
outer end of the specimen by means of a 


specimen was computed from the equa- 


tion ¢ = 


= in which the bending 


moment, M, was obtained from the load 
applied by the poise with suitable cor- 
rections for the moment produced by the 
extension shaft. 

In order to determine the number of 
cycles to cause failure, a counter, E, 
was attached to record the number of 
cycles, and a microswitch, F, was used 
to stop the machine when a crack had 
started in the specimen. The micro- 
switch was adjusted to shut the machine 


off when the fatigue crack had become ' 
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severe enough to cause the specimen to 
deflect 0.1 in. at the point of loading. 
For fatigue tests to be conducted at 
temperatures above and below the tem- 
perature available in the air-conditioned 
testing room, an insulated box was con- 
structed to house one of the rotating- 
cantilever-beam fatigue testing ma- 
chines. The equipment used is shown 
in Fig. 3. The loading lever and poise 
_A, microswitch B, motor C, and counter 
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positioned as to cause the thermocouple 
to touch the central portion of the speci- 
men, when the lever was deflected, 
Temperature readings were taken by 
stopping the machine, applying the 
thermocouple to the surface of the 
specimens immediately, and recording 
the indicated temperature. The tem- 
peratures thus obtained were somewhat 
below the actual operating temperatures 
of the specimens because the specimen 
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_D, were mounted outside the insulated 
cabinet. For the high-temperature tests 
the box was heated by electric strip 
heaters, which were controlled by a 
thermostat adjustable from the outside 
of the cabinet. The air temperature in 
the cabinet and the specimens’ tem- 
peratures were measured by means of a 
thermocouple and potentiometer, E£. 
The specimens’ temperatures were ob- 
tained by means of a _ thermocouple 
- mounted on a lever which was moveable 
from the outside of the cabinet, and so 
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Fic.4.—S-N Diagrams for Different Speeds of Testing with Unnotched Specimens, Fig. 1(a). Tests 
Were Conducted in a Room at 77 F. and 50 per cent Relative Humidity. 


began to cool as soon as the machine was 
stopped. 

When tests were to be run at tem- 
peratures below the testing room temper- 
ature, a separate insulated cabinet F 
was used to house dry ice, for use as 4 
refrigerant. Air was circulated :rough 
the dry ice and the test cabinet and back 
again, to maintain the desired tem- 
perature. Thermostatic control was pro- 
vided to manipulate the damper which 
controlled the flow of air through the 
dry ice. With this equipment it was 
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found possible to conduct continuous 
fatigue tests over periods of several days 
since the equipment required servicing 
only every 8 to 12 hr. In order to pre- 
vent ice from fouling the loading rod, 
which projected through the cabinet, 


883 


on the results obtained from fatigue 
tests. The results of these tests are 
shown in Fig. 4. These data were 
plotted with the amplitude of the alter- 
nating stress as ordinate and the number 
of cycles for fatigue failure as abscissa, 


11 000 


10 000 


9000 


Fatigue Strength at 10*Cycles 


| 


@ 
oO 


7000 


10°Cycles 


Number of Cycles, psi 


6 000 


10°Cycles 


10®Cych 
5 000 


4000 


/0 Cycles 


3 000 


>_ 
= 
+ 
S 
Cc 
> 
u 


2 000 


—o= Jests Conducted in Room at 77F, 50 
--—Adjusted to Constant Specimen 
Jonperoture at 77F. 


0 


2000 4000 6000 8000 10000 12000 14000 16000 
Testing Speed, rpm. . 


Fic. 5.—The Effect of Speed of Testing on the Fatigue Strength at 10‘, 10°, 10°, 107, and 108 Cycles. 
The Curves Adjusted to a Specimen Temperature of 77 F. Are Also Shown. 


akerosine seal was used to prevent escape 
of cold air around the loading rod. 
Effect of Speed of Testing: 

Rotating-beam fatigue tests were per- 
formed at four different speeds of testing, 
ranging from 500 rpm. to 14,000 rpm. 
in order to determine the effect of speed 


using semi-logarithmic plotting. The 
data shown in Fig. 4 were obtained from 
tests conducted at a temperature of 
77 F. and a relative humidity of 50 per 
cent. The plotted points having cir- 
cumscribed circles were plotted from 
data obtained with specimens machined | 
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about three months later than specimens 
used for the rest of the tests. Ageing, 
thus, may have influenced the results 
of these tests to some extent. It was 
observed that as the testing speed in- 


creased, the fatigue strength (that is, 


_ the ordinate) at a given number of cycles 
decreased. 


This effect is better illus- 
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ing speeds was caused by an increase in 
the temperature of the specimens, re. 
sulting from the heat generated by in. 
ternal friction in the specimens, and also 
by another factor, which it was not found 
possible to control satisfactorily, namely, 
the heat generated by the ball bearings 
of the fatigue testing machine. 
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for Stresses Corresponding to the Fatigue Strength at 10‘, 10°, and 10% Cycles. 


trated in Fig. 5. In this figure the solid 
lines show the effect of testing speed on 


the fatigue strength measured at several 


different numbers of cycles. Figure 5 


_ shows that in general the fatigue strength 


| 


decreased as the speed of testing in- 
creased, irrespective of the number of 


_ cycles for which the fatigue strength was 


determined. 
It was suspected that at least a portion 
o: the effect produced by increasing test- 


In order to separate the effect of small 
variations in specimen temperature from 
the effect of testing speed, the tem- 
peratures developed in specimens oper- 
ating at various speeds and amplitudes 
of stress were determined. The data 
obtained are presented in Fig. 6, in 
which the temperature resulting from the 
operation of a specimen at a given speed 
of testing and an amplitude of stress, 
which would cause failure at a given 
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number of cycles, is plotted as ordinate 
against the speed of testing as abscissa. 
Three curves are shown: one for stresses 
which would produce failure after 10‘ 
cycles, another 10° cycles, and a third at 
10® cycles. It was observed that the 
specimen temperature increased both 
with increase in testing speed and in- 
crease in amplitude of alternating stress. 
The temperatures were measured after 
the specimens had been in operation for 
about 20 min. in the case of the lower 
two curves, and after the specimens had 
been in operation for about 5 min. in the 
case of the upper curve. Subsequent 
tests on other materials have shown that 
specimens operating at stresses which 
will cause failure after 10° cycles reach 
an equilibrium value of temperature 
within about 20 min., after which the 
temperature remains constant for a long 
period. The temperatures shown in 
Fig. 6 were used in conjunction with 
another series of tests, described below, 
in which the effect of temperature upon 
the fatigue strength was determined, to 
correct the effect-of-speed data (Fig. 5) 
for variations of specimen temperature. 
The dash lines shown in Fig. 5 represent 
the fatigue strengths adjusted to a 
common specimen temperature of 77 F. 
The adjusted curves show that the 
fatigue strength at 10° and 10% cycles de- 
creased as the speed of testing increased, 
but the effect was not as great as indi- 
cated before the data had been adjusted 
to a common temperature. The ad- 
justed data indicate that the fatigue 
strength at 10‘ cycles decreased at first 
and then increased to approximately its 
former value as the speed was increased 
from 500 rpm. to 14,000 rpm. 

The adjusted curves for the effect of 
testing speed, shown by dash lines in 
Fig. 5, were obtained by interpolating 
from the fatigue strength at the measured 
temperatures at which the tests were run 
(Fig. 6) to the fatigue strength at 77 F. 


* 


in accordance with the trend shown jy 
Fig. 8 for the effect of temperature on th 
fatigue strength. 


Effect of Temperature: 


Rotating-beam type fatigue tests wer 
run at a variety of temperatures, using 
the apparatus described above, an( 
shown in Fig. 3. The temperatures em. 
ployed ranged from —75 F. to +410F 
The S-N diagrams for these tests are 
shown in Fig. 7. The data show that 
as the temperature was increased the 
fatigue strength decreased. 

A comparison of the two curves at 
—10 F. indicates that specimens tested 
at nearly the same time but machined 
seven months apart yield widely different 
results. The length of time that a 
freshly machined specimen was exposed 
to a temperature of 77 F. and 50 per cent 
relative humidity caused the fatigue 
strength of this material to be lower for 
specimens machined 7 months befor 
testing than for specimens machined 
2 weeks before testing. The difference 
may be caused by a gradual evaporation 
of moisture or of other volatile materials. 

The temperature developed in. the 
specimens ranged from 2 to 20 deg. 
above the temperature of the surround- 


ing air for speciméns in which the ten- 


perature was measured. The specimen 
temperatures are shown in parenthesis 
adjacent to the plotted points in Fig. 7. 

The effect of the temperature of the 
surrounding air on the fatigue strength 
at 10, 10°, 10°, and 107 cycles is illus 
trated in Fig. 8. It was observed that 
as the temperature was increased from 
—75 F. the fatigue strength decreased 
rather rapidly, and then less rapidly 
until a temperature of approximately 
320 F. was reached. At a temperature 
of 410 F., the effect of the temperature 
was such as to make the length of ex 
posure to the high temperature of mort 
significance than the number of stress 
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cycles sustained. The temperatures of 
the specimens are also shown in Fig. 8 
for cases in which specimen temperatures 
were measured. The plotted points 
corresponding to specimen temperatures 
are shown on Fig. 8 by triangles. The 
offset in the curves of Fig. 8 occurring at 
—10 F. was caused by a change to speci- 
mens of a different age, as described 
above. 

It should be mentioned that before the 
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this deterioration, a decrease in fatigue 
strength, as noted above, resulted from 
an increase in temperature. That is, 
the fatigue strength properties of the 
material were affected by changes in 
temperature, even at temperatures at 
which no deterioration resulted from 
exposure to the temperature. A de- 
crease in stiffness (modulus of elasticity) 
also resulted from an increase in tem- 
perature. This phenomenon was ob- 
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G. 9.—S-N Diagram for Rotating-Beam Fatigue Tests of Notched and Unnotched Specimens 


Tested at a Speed of 5200 rpm. 


‘tests were started all specimens tested 
in this series were allowed to remain at 
the test temperature for 4 hr. after the 
temperature of the air in the test cabinet 
had reached the desired value. 
Elevated temperatures affected the 
test specimens in several ways. Ex- 
posure to the elevated temperature 
caused a progressive deterioration, which 
was evidenced by a gradual charring, 
accompanied by embrittlement of the 
material. The deterioration of the ma- 
terial was noticeable at 320 F. but was 
very marked at 410 F. In addition to 


served by the smaller deflection under 
load at low temperatures, as compared — 
to the deflection under the same load at 
elevated temperatures. There was also 
a noticeable thermal expansion with in- 
crease in temperature, which caused the 
specimens to loosen in the collets at the 
low temperatures. Excessive expansion 
at the high temperatures caused some 
difficulty, due to the restraining action 
of the collet. The resulting differential 
expansion between the restrained por- 
tions and unrestrained portions of the 
specimen caused a splitting to occur. 
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Effect of a Deep Notch: 


The effect of a deep notch on the 
fatigue strength of this material was 
studied by testing specimens, such as 
shown in Fig. 1(0), in rotating-cantilever- 
beam fatigue testing machines. The 
S-N diagram plotted from the data is 
shown in Fig. 9, together with the cor- 
responding S-N diagram for tests of un- 
notched specimens at the same testing 
speed of 5200 rpm. ‘The stresses cal- 
culated for the notched specimens were 
the nominal stresses obtained from the 


equation ¢ = and were based on the 


Mc 

diameter at the root of the notch. The 
shape of the two S-N diagrams is mark- 
edly different. The S-N diagram for 
the notched specimens shows no indi- 
cation of leveling off, as the amplitude 
of the alternating stress was decreased. 
The fatigue strength at 10° cycles was 
nearly the same for both notched and 
unnotched specimens, but the fatigue 
strength at a smaller number of cycles 
and also at a larger number of cycles was 
much less for the notched specimens 
than the unnotched specimens. At 10° 
cycles the fatigue strength of notched 
specimens was approximately one third 
that of unnotched specimens. This 
difference in behavior may have been the 
result of one or several of the following 
factors: In the unnotched specimens the 
state of stress was a uniaxial tensile 
stress at the surface of the specimens, 
whereas in the deep notched specimens 
the state of stress in a region slightly 
below the surface of the notch ap- 
proached a state of triaxial tensile stress. 
Also there was a stress concentration 
caused by the presence of the notch, 
which while less severe than in the case 
of a shallow notch, was still a significant 
stress concentration. Another factor, 
which may have been significant, was 
the fact that there was a large volume 
of low-stress material immediately ad- 


jacent to the high-stress material in the 
notched specimens, so that the heat de- 
veloped from hysteresis damping in the 
material of the notch, may have been 
more readily dissipated than heat de- 
veloped from an equal stress in the un- 
notched specimens. Thus, the temper- 
ature developed in the notched specimens 
may have been nearer room temperature 
than that developed in the unnotched 
specimens for the same actual value of 
stress. The lower temperature, how- 
ever, would tend to increase the fatigue 
strength as shown above and thus tend 
to counteract the effect of the stress 
concentration. Because of the con- 
siderations enumerated above it would 
not seem appropriate to label the ratio 
of the fatigue strength of the unnotched 
specimens to the fatigue strength of the 
notched specimens, “the stress concen- 
tration factor.” 


CONSTANT AMPLITUDE-OF-DEFLECTION 
FATIGUE TESTS 


Machines Arranged for Bending Fatigue: 
One of the constant amplitude-of- 
deflection fatigue machines arranged for 
bending fatigue tests is shown in Fig. 10. 
In this fatigue machine the specimen, B, 
was fastened to a dynamometer, C, at 
oneend. The other end of the specimen 
was bolted to a moment arm E. This 
moment arm was caused to be moved up 
and down in a vertical plane by a con- 
necting rod, F. An adjustable eccentric 
G was used to obtain the amplitude of the 
alternating deflection desired, and the 
deflection of the dynamometer C was 
measured by means of dial D. 

The testing procedure described in the 
A.S.T.M. Tentative Method D 671° was 
used for the tests reported in this section, 
with certain modifications. The speci- 
mens used for the bending fatigue tests, 
and also the torsion fatigue tests which 
will be described later, were turned to 
the dimensions shown in Fig. 1(c). The 
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Fic. 11.—Constant Amplitude-of-Deflection Type Fatigue Machine Arranged for Tests in Torsion. 
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amplitude of the alternating stress was 
Mc 
in which the bending moment, M, was 
obtained from readings of the calibrated 
dynamometer C. The number of cycles 
to which the specimen was subjected 
was indicated by a counter J. 

The stress values to which each speci- 
men was subjected at the beginning of 
the test were calculated from the bend- 
ing moments measured by means of the 
dynamometer while the machine was at 
rest; and the number of cycles for fatigue 
failure was determined in the manner 
described below. These data were then 
plotted as S-N diagrams with the ampli- 
tude of the alternating stress as ordinate 
and the number of cycles for failure as 
abscissa. 


computed from the equation ¢ = 


Machines Arranged for Torsion Fatigue: 


The machines used for torsion fatigue 
tests were of the same type as used for 
the bending fatigue tests, and were con- 
structed by the addition of certain parts, 
as shown in Fig. 11. An arm A was at- 
tached to the machine so as to support 
the fixed end of the torsion specimen B 
and the dynamometer C with its dial D. 
For the torsion test the specimen B was 
fastened at an angle to the torque arm 
E, which was attached to the connecting 
rod F through a universal joint. The 
angle between the axis of the specimen 
and the torque arm was so chosen that 
the bending moment at the minimum 
section of the specimen was zero, and the 
only significant stresses at the minimum 
section were shearing stresses, due to 
torsion. There was, however, a hori- 
zontal shearing stress whose magnitude 
was negligible compared to the stresses 
resulting from torsion. 

The dynamometer C was calibrated 
in terms of torque 7 and the shearing 
stresses tr were computed from the equa- 


=. The stress was adjusted 
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by means of the adjustable eccentric, G, 
and the test was conducted in the same 
manner as in the bending fatigue test. 

For both tests, the range of stress, 
that is, the relationship between the 
maximum stress and the minimum stress 
in a stress cycle, was adjusted by means 
of a mechanism, one form of which, con- 
sisting of screws, H, for tilting the 
bracket to which the specimen and 
dynamometer were attached, is shown 
in Figs. 10 and 11. 


Load-Deflection Relationship: 


With the laminated paper plastic 
tested, as with most, if not all, molded 
and laminated plastics containing fibrous 
fillers, it is difficult to detect fatigue 
failures, under the conditions imposed 
by this test method. The specimen did 
not completely fracture except for very 
high alternating stresses. Instead it 
was found that the fatigue crack formed 
and spread rapidly at first, but then 
reached a point at which the rate of 
growth was very slow. Also it was ob- 
served that the rate of growth of fatigue 
cracks varied from specimen to speci- 
men. Thus, a means other than com- 
plete fracture of the specimen had to be 
devised which would detect fatigue 
failure in the relatively early stages. 

As a solution it was decided to define 
fatigue failure arbitrarily as having oc- 
curred when fatigue cracks of a given 
severity had developed in a specimen. 
It was further decided that for specimens 
of the size under consideration the 
severity of cracks which would be con- 
sidered to constitute fatigue failure 
would be arbitrarily defined as those 
producing a decrease in stiffness of the 
specimens to seven eighths of the initial 
stiffness. 

For either bending or torsion fatigue 
tests involving completely reversed stress 
cycles this definition offered no diff- 
culty. It was only necessary to measure 
and record the change in the maximum 
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values of the dynamometer readings at 
intervals throughout the life of the test 
until the required change in the dyna- 
mometer readings was observed. How- 
ever, for tests in which the stress cycle 
was not completely reversed, measuring 
the change in stiffness was somewhat 
more involved, since a change in the 
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the diagram inset in Fig. 12, in which 
the load-deflection diagram of an un- 
cracked specimen is approximated by 
curve dob. If relaxation took place but 
there was no effect from fatigue, then 
the load-deflection curve of the specimen 
after a period of time would be repre- 
sented by curves cde. If, on the other 
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Fic. 12.—Load-Deflection Curves of a Specimen in Bending Taken Prior to and During a Fatigue 


Test. 


maximum or minimum load was no 
longer a reasonably close approximation 
to the corresponding change in stiffness. 
This was due to the fact that either the 
formation of a crack in a specimen or re- 
laxation of the specimen due to creep 
resulted in a redistribution of internal 
stress in the specimen, so that the load- 
deflection curve no longer passed through 


the origin. This action is outlined in 


0.45 


hand, a fatigue crack developed, the 
crack would open when the specimen was 
bent in one direction, but would tend to’ 
close when the specimen was bent in the 


opposite direction. 
would be unchanged when the specimen 
was bent in such a way as to keep the 
crack closed, but the stiffness would be 


decreased when the specimen was bent 


in such a direction as to cause the crac 


Thus the stiffness 
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to open. This action would result in a 
load-deflection curve similar to that 
shown by curve cdh, if the deflection at 
which the crack closed was at d, but a 
curve such as cdfg, might be expected 
if the closing of the crack did not occur 
at zero load because of residual stresses, 
or fragmentation, or deformation in the 
region of the crack. 

According to the definition of fatigue 
failure given above fatigue failure oc- 
cured when the portion of the curve 
from f to g or d to kt had a slope equal to 
seven eighths of the slope of the curve 
aob of the uncracked specimen. 

The slope of the curve can be deter- 
mined by noting the value of the load at 
two known values of deflection, such as, 
for example, the maximum deflection 
and some other point along the curve 
from f to g. If, however, the load cycle 
was such that the loading was always 
either up or down, then readings of the 
maximum and minimum load could be 
used to determine the slope of the load- 


deflection curve since a fatigue crack 
could be expected to remain open during 


the entire load cycle. The latter tech- 
nique was used for all tests reported ex- 
cept the tests for which the mean stress 
was zero. 

In order to determine how the material 
under study actually behaved in a fatigue 
test in which the maximum load and 
minimum load were unequal and of op- 
posite sign, a load-deflection curve was 
obtained for the first loading cycle of 
a specimen and was repeated at intervals 
thereafter. The load-deflection readings 
were obtained under static conditions. 
The initial value of the maximum stress 
to which the specimen was subjected 
in the load-deflection test was 12,200 psi., 
and the minimum stress was — 3600 psi., 
or expressing this cycle of stress in terms 
of a mean stress and a superimposed 
alternating stress the mean stress be- 
comes 4300 psi., and the amplitude of 


the alternating stress becomes 7900 psi. 

The results of the load-deflection 
measurements are shown in the lower 
group of curves in Fig. 12. In this 
figure loads have been converted to 
nominal stress values for convenience in 
interpretation. The first load cycle which 
the specimen sustained is shown by the 
curve drawn as a solid line from A to B, 
C,and D. The next cycle is shown by 
the long dash lines starting from D to B, 
and from this point paralleling the 
original curve from B to A, C, and D. 
A hysteresis loop was indicated by the 
fact that the loading branch and un- 
loading branch of the curve did not co- 
incide. The size of the hysteresis loop 
in this test was probably augmented by 
relaxation taking place during the time 
of the test. 

After the initial load cycles were ob- 
tained, the fatigue machine was started 
and run for a few cycles, then a load- 
deflection curve was again obtained. 
This procedure was repeated for three 
different intervals. The load-deflection 
curves for two of these periods are shown 
in Fig. 12. A curve obtained after 
20,000 cycles of loading is shown by the 
short-dash line starting at E to F to G, 
and back to H. It was observed that a 
fatigue crack had formed in the specimen 
at the time that these readings were 
taken. An examination of the curve 
EFGH shows that the loading branch 
of the curve is similar to the hypothetical 
curve cdfg (shown in the upper diagram 
Fig. 12) except that the change in slope 
of the curve is not abrupt as at f and 
occurs below the zero load line, rather 
than above the line. The slope of the 
upper branch of the curve fram F to G 
is 90 per cent of the slope of the cor- 
responding branch of the initial curve 
(or slightly more than seven eighths of 
the initial slope). The slope of a straight 
line joining points F and G, on the other 
hand, is 92 per cent of the slope of the 
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. 13.—The Effect of the Number of Cycles of Deflection on the Maximum and Minimum Values 
of the Nominal Stress for a Fatigue Test in which Failure Occurred after a Small Number 
of Cycles. (Figures 12 and 13 were Prepared from the Same Test.) 
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Fic. 14.—The Effect of the Number of Cycles of Deflection on the Maximum and Minimum Values 
of the Nominal Stress for a Fatigue Test in Which Failure Occurred after a Large 
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straight line joining points B and C. gion. It was also observed that the 
Inasmuch as the difference between magnitude of the minimum deflection 
slopes measured in these two manners is_ was now less than it was after 20,000 
_ so small, and the latter method required loading cycles. This reversal in the 
the determination of only the maximum _ trend was probably due to the formation 
and minimum loads rather than the of the fatigue cracks on the opposite side 
complete loading curve, the latter of the specimen. 
method has been used for all tests re- A plot showing the variation of max- 
ported in this paper except for zero imum and minimum stresses, with num- 
mean stress. The error involved is ber of cycles sustained, is shown in Fig, 
probably small for all cases considered, 13. It was observed that for the range 
but may be somewhat larger than the of stress shown the maximum stress de- 
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Fic. 15.—S-N Diagram for Completely Reversed Fatigue Tests in Bending, Showing the Effect of 
Two Different Definitions of Failure on the Interpretation of Test Results. 


error just indicated for cases in which creased with increase in the number of 
the mean stress is more neagly zero. cycles, and the minimum stress increased 
The load-deflection curve obtained in numerical value with increase in 
after the specimen had been subjected to number of cycles. The effect of stopping 
56,000 load cycles is also shown in Fig. the tests long enough to obtain |load- 
12. After this number of cycles the deflection diagrams is indicated by the 
- specimen had developed cracks on both discontinuities shown at the stars in 
sides. The curve extends from H to J, Fig. 13. These discontinuities may be 
J and K. It was observed that the largely due to a decrease in temperature, 
_ stiffness, as measured by the slope of the during the stopped period, which would 
load-deflection curve, was markedly de- result in an increase in stiffness. 
creased at this value of cycles, and that The stress values shown in Figs. 12 
the negative branch of the curve was and 13 as ordinates should not be con- 
- now markedly bent downward in the _ sidered to be true values of stress for all 
lower region compared to the upper re- conditions, inasmuch as the formation 
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of a crack in the specimen caused a re- 
distribution of stress which made it im- 
possible to determine the significant 
stress occurring in the notch formed by 
the fatigue crack. 

If fatigue failure be defined as indi- 
cated above, as occurring when the stiff- 
ness of a specimen has been reduced to 
seven eighths of its initial value, and the 
change in stiffness be measured by the 


14000 


Effect of Definition of Failure on the Inter- 
pretation of Results: 


Two S-N diagrams for a series of 
fatigue tests in bending are shown in 
Fig. 15 for specimens tested in a com- 
pletely reversed stress cycle, that is a 
range of stress in which the mean stress 
was zero. Figure 15 shows the effect of 
changing the definition of failure from a 
reduction in stiffness to seven eighths of 
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change in the range of stress (for tests 
other than complete reversal), then 
failure was indicated for the test shown 
in Fig. 13 at about 30,000 cycles. 

The change in maximum and minimum 
stress, with number of cycles, is shown 
in Fig. 14 for another specimen for which 
failure was indicated at about 5,000,000 
cycles. This test shows a rapid relaxa- 
tion at the beginning of the test, then 
substantially no change in the stresses 
for 2,500,000 cycles, followed by a grad- 
ual decrease in the maximum stress. 


S-N Diagrams for Fatigue Tests in Bending at Several Different Values of Mean Stress 


the initial value to a reduction in stiffness 
to three fourths of the initial value. It 
was observed that the change in defini- 
tion made very little difference in the 
fatigue strength of the material at a large 
number of cycles, but at 10° cycles the 
indicated fatigue strength for failure 
defined in terms of a change in stiffness 
to seven eighths of the initial value was 
about 8 per cent lower than it was when 
defined in terms of a change in stiffness 
to three fourths of the initial value of 
stiffness. 
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_ Effect of Mean Stress on the Fatigue 
Strength for Tests in Bending: 


Fatigue tests of specimens of the shape 
shown in Fig. 1(c) were performed at 
four different ranges of stress, for which 
the mean values of stress were 0, 6000, 
12,000, and 16,000 psi. The S-N dia- 
grams for these tests are shown in Fig. 
16. For the tests at zero mean stress, 
failure was defined as having taken place 
when the maximum stress (for bending 
in either direction) had decreased to 


12 000 
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number of cycles decreases as the mean 
stress increases. This behavior is shown 
in Fig. 17, in which the amplitude of the 
alternating-stress cycle is plotted as a 
function of the mean stress for three 
different values of the numbers of cycles 
at which fatigue failure occurred. In 
other words, the fatigue strength at 10°, 
10’, and 10° cycles is plotted as a func. 
tion of mean stress. In general the 
fatigue strength decreased as the mean 
stress was increased. 


4-10" Cycles 


© Initial Values of Mean Stress 
© Mean Stress at 10’Cycles 
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The Effect of Mean Stress on the Fatigue Strength at Several Different Numbers of Cycles 
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for Tests in Bending. 


seven eighths of the initial value. For 
all. other tests failure was defined as 
_ having taken place when the range of 
stress, that is, the maximum stress 
minus the minimum stress, had de- 
creased to seven eighths of the initial 
value of the range of stress. In Fig. 16 
the amplitude of the alternating-stress 
cycle is plotted as ordinate against the 
number of cycles to failure (defined 
above) as abscissa. The S-N diagrams 
_ shown indicate that the magnitude of the 
fatigue strength (the amplitude of the 
alternating-stress cycle) at any given 


The plotted point on the horizontal 
axis represents the modulus of rupture 
of a specimen of the same shape as used 
in a fatigue test, but tested in static 
bending (see Table II). Four-point 
loading was used in the test from which 
this modulus of rupture was obtained, 
and the rate of strain used was substan- 
tially the same as that used for the ten- 
sion tests of this same material, reported 
in a previous paper (1). The rate of 
strain used was 0.0013 in. per inch per 
min. and was determined by plotting 
a load-time curve, determining the rate 
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of loading, and converting to rate of pear that the modulus of rupture should 
strain by means of the modulus of elas- have been considerably higher. This 
ticity. apparent discrepancy may have been 
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Fic. 18.—S-N Diagrams for Fatigue Tests in Torsion at Several Different Values of Mean Stress. 
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Fic. 19.—The Effect of Mean Shearing Stress on the Fatigue Strength in Shear at Several Different 
Numbers of Cycles for Tests in Torsion. 


The modulus of rupture plotted in caused in part by the wide difference in 
Fig. 17 does not seem to agree any too rate of strain occurring in the fatigue 
Well with the fatigue test data. If, as test as compared to the static bending 
seems reasonable, the modulus of rup-_ test. Another contributing factor may 
ture should lie on the same curve with be the fact that the mean stress in all 
the fatigue data in Fig. 17, it would ap- cases changed gradually during the con- 
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duct of the fatigue test. The magnitude 
of the change is illustrated in Fig. 17 
by the solid circles which represent the 
values of mean stress occurring after 
tests operating at the indicated ampli- 
tude of alternating stress had been sub- 
jected to 10’ cycles of stress. For the 
_ cases shown, the change in mean stress 
was largely due to relaxation, although 
the change was partly caused by the 
development of fatigue cracks in tests 
involving high alternating stresses. 


_ Effect of Mean Stress on the Fatigue 
Strength for Tests in Torsion: 


Torsion fatigue tests are of particular 
interest in tests of laminated materials 
_ because the torsion test permits study 
of the shearing fatigue strength of the 
bond between laminations. 

Specimens of the type shown in Fig. 
— 1(c) were tested in torsion fatigue at five 
different ranges of shearing stress. The 

mean values of the shearing stress used in 

these five series of tests were: 0, 400, 
~ 1500, 2000, and 2500 psi. The S-N dia- 
-_- for these tests are shown in Fig. 

18. The means of detecting fatigue 
4 failure and the definition of fatigue 
failure used for the torsion fatigue tests 

were identical to those used for the bend- 

ing fatigue tests described in the pre- 
ceding section. As in the case of the 
bending fatigue tests, the amplitude of 
the alternating stress cycle was plotted 
_ as ordinate against the number of cycles 
to failure (defined above) as abscissa. 

This scatter observed in these tests may 
_ have been partly the result of variations 
_ in the degree of bonding between lamina- 
tions for different specimens. 

The effect of mean stress on the fatigue 
strength in torsion is shown in Fig. 19 
which indicates that the fatigue strength 
increases slightly with increase in mean 
shearing stress, then decreases to some- 
what below the initial value for fatigue 
strength at 10’ cycles, but decreases con- 


siderably more for fatigue strengths at 
104 cycles and 10* cycles. In view of the 
amount of scatter in the data shown in 
Fig. 18, the trend in Fig. 19 cannot be 
considered to be fully established, but 
the data indicate that in general the 
fatigue strength in torsion decreases with 
increase in the value of the mean shear- 
ing stress. 

The plotted point on the horizontal 
axis represents the modulus of rupture 
in torsion as obtained from tests reported 
in a previous paper (1) (see Table II). 
As in the case of the bending fatigue 
tests, the modulus of rupture in torsion 
plotted in Fig. 19 does not seem to agree 
very well with the fatigue test data. 
The apparent discrepancy may have 
been the result of the wide difference in 
rate of strain between tests under fatigue 
conditions, as compared to tests under 
static conditions. And as in the case 
of the fatigue tests in bending, another 
contributing factor may have been the 
fact that the mean shearing stress in all 
cases changed during the conduct of the 
fatigue test. The magnitude of the 
changé in mean shearing stress is illus- 
trated in Fig. 19 by the solid circles, 
which represent the value of the mean 
stress which existed after the specimen 
operating at the indicated amplitude of 
alternating stress had been subjected to 
10’ cycles of alternating shearing stress. 
The change in mean shearing stress was 
probably due to the same factors which 
were discussed above in connection with 
the bending fatigue tests. 


Effect of Temperature: 


The temperature developed in speci- 
mens tested in torsion ws determined by 
fastening the bead of a thermocouple 
to the center of the test section of a speci- 
men by means of a small piece of cellulose 
tape. Temperatures were obtained for 
several stress values at the operating 
speed of 1720 rpm. The temperatures 
were observed to vary from 83.6 F. at 
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an amplitude of alternating shearing 
stress of 900 psi. to 92.3 F. at an ampli- 
tude of 1750 psi. For all types of tests 
reported in this paper at all temperatures 
tested the temperature of the specimen 
was observed to rise from 5 to 10 F. 
above the surrounding air temperature, 
when the specimen was operating at a 
stress corresponding to the fatigue 
strength at 10’ cycles. As mentioned 
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from hysteresis damping, as mentioned 
above, results in a decrease in the modu- 
lus of elasticity (or stiffness) of the 
material. This decrease in stiffness of 
the specimen results in a decrease in the 
mean load and the amplitude of the 
alternating load applied to the specimen. 
Because of the small increase in specimen 


temperature at a moderate amplitude of 
alternating stress, the change in load 


TABLE I.—SUMMARY OF FATIGUE TEST DATA. 
Axis of all specimens parallel to the grain of the paper in the laminate. 


| Fatigue 
Strength 
at given 

| Number of | 
Cycles, | 

psi. 


Type of Machine | Type of Specimen 


Number 
Cycles to | 
Failure 


Value | 
of Mean | Testing 
Stress at Speed, 

107 Cycles, rpm. 
psi. 


Initial 
Value of 
Mean 
| Stress, psi. 


Air Tem- 
rature, 
eg. Fahr. 


Rotating cantilever 
beam machine: 


| 


Unnotched speci- | | 

mens Fig. 1(a) 

Fig. 2 » Notched speci- 
mens Fig. 1(b) 


Unnotched speci- || 


Fig. mens Fig. 1(a) 


500 
1720 
5200 

14000 
5200 


6400 
6400 
6400 
6400 
6400 


ecocco ocoece 


Constant amplitude 
of detlection ma- 
chine: 

f 6700 

(Bending) Unnotched speci- | | 6600 

Fig. 10 men Fig. 1(c) | 4800 

4500 
790 
980 
850 
760 
650 


Torsion) Unnotched speci- 
Fig. 11 men Fig. 1(c) 


0 1720 
6000 1720 
12000 1720 
16000 1720 
0 1720 

400 1720 
1500 1720 
2000 1720 
2500 1720 


previously, this rise in temperature was, 
in most cases, due entirely to hysteresis 
damping in the specimen. 

The rise in temperature affected the 
tests conducted on the constant ampli- 
tude-of-deflection fatigue machine in a 
somewhat different manner than the rise 
in temperature affected the tests on the 
rotating-cantilever-beam fatigue ma- 
chine. It has been observed by other 
investigators (14, pp. 25 and 26) that 
the modulus of elasticity of plastics 
changes with temperature. Thus, a 
small increase in temperature resulting 


resulting from the increase in specimen 
temperature was small for tests which 
were operating at stresses near the 
fatigue strength at 10’ cycles. The 
effect was more pronounced, however, at 
high stresses, where a large increase in 
specimen temperature was observed. 
According to the available data on the © 


‘effect of temperature on the modulus of 


elasticity of laminated plastics (10), the 
effect of temperature on the stress values 
for specimens operating at the fatigue 
strength at 10’ cycles would be to cause 
a decrease in stresses of 3 to 5 per cent 
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from the values calculated under static 
conditions. All stress values reported 
in the fatigue tests were, however, the 
stresses which obtained at the beginning 
of the tests. 


RESULTS AND CONCLUSIONS 


The results of fatigue tests of a lami- 
nated high-strength paper plastic are 
summarized in Table I; in this table the 
fatigue strengths under a variety of 
different conditions are given, together 
with the pertinent data on the different 
conditions studied. A summary of the 
mechanical properties of this laminate 
under static test conditions is given in 


Table IT. 


TABLE II.—SUMMARY OF STATIC TEST DATA. 
All specimens tested at 77 F., 50 per cent relative humidity 
and rate of tensile strain of 0.0015 per min. 


Yield Strength, 
per cent 
Fracture (in 


Ultimate Strength 
bond), psi. 


or Modulus of 


Rupture, psi. 
Stress at Initial 


a 
= 
og 
22 
Cu 
“ 


| 


Tension, parallel to grain} | 
of paper* 2 240 000 | 18 000 | 19 600 
Tension, perpendicular 
to grain of paper® 
Compression, parallel to 
grain of paper” 
Compression, perpen- 
to grain of 


1.080 000 | 9 700 11 800 


| 2290000 | 8 700 | 17 700 


1 299 000 | 6 900 | 14 400 | 
perpendicular 
to laminations, axis 
of specimen parallel 
to grain of paper }2 
Torsion, axis of speci- 
men parallel to grain | 
of paper® | | 


289 090 


Data taken from Reference (1). 


1. Fatigue tests conducted at different 
speeds with rotating-cantilever-beam 
type fatigue machines have shown that 
the fatigue strength at 10’ cycles de- 
creased from 6300 psi. at a speed of 500 
rpm. to 5300 psi. at a testing speed of 
14,000 rpm. However, an increase in 
specimen temperature with increasing 
testing speed was found to occur as a 
result of hysteresis damping. When the 
fatigue strengths of specimens run at 
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different speeds were all adjusted to a 
common temperature of 77 F. there was 
found to be less difference between tests 
run at different speeds. When adjusted 
to a common temperature the fatigue 
strengths at 10° were found to vary from 
6000 psi. at 500 rpm. to 5600 psi. at 
14,000 rpm., and the fatigue strengths 
at 10° cycles varied from 7000 psi. at 
500 rpm. to 6200 psi. at 14,000 rpm. (see 
Fig, 5). 

2. The effect of variations in temper. 
ature was to cause the fatigue strength 
at 10’ cycles to decrease from 11,900 psi. 
at —75 F. to 2800 psi. at 320 F. (see 
Fig. 8). 

3. The effect of a deep notch was to 
decrease the fatigue strength at 10 
cycles from 5800 psi. to 3100 psi. for 
tests operating at 5200 rpm., air tem- 
perature of 77 F., and relative humidity 
of 50 per cent. The stresses reported 
were nominal stresses based on the 
diameter of the specimen at the root 
of the notch. The relationship between 
the fatigue strength of notched and un- 
notched specimens was found to depend 
greatly upon the number of cycles at 
which the comparison was made. (See 
Fig. 9.) 

4. A definition of fatigue failure has 
been proposed, together with a means of 
determining the time of fatigue failure 
from records of the load-deflection rela- 
tionships. The effect of fatigue cracks 
and relaxation due to creep on the load- 
deflection characteristic of this material 
under bending loads has been deter- 
mined, and the effect of a change in the 
arbitrary value of the change in stiffness 
used to determine fatigue failure has 
been studied. (See Fig. 15.) 

5. Fatigue tests in bending on a con- 
stant amplitude-of-deflection type fa- 
tigue machine indicate the fatigue 
strength at 107 cycles to be 6700 psi. 
for a completely reversed stress cycle at 
a testing speed of 1720 rpm., a tem- 


test 
load 
beat 
test. 
whe 
or 4 
dec! 
Thi 
cred 
loac 
of-c 
crez 
test 


— 
: 
| of 5 
fatigt 
canti 
same 
ture, 
6200 
This 
the e 
of th 
in pi 
canti 
subje 
bend 
| to be 
| | | How 
this 
| insp 
veale 
subs 
| flaty 
both 
TI 
| due 
amp 
| 
The 
wa 
to 
rot: 
a 
chi 
| vel 
] 


FINDLEY ON FATIGUE TESTS OF A LAMINATED PAPER PLASTIC 


perature of 77 F., and a relative humidity 
of 50 per cent. The corresponding 
fatigue strength obtained from rotating- 
cantilever-beam fatigue tests, at the 
same testing speed, the same tempera- 
ture, and the same number of cycles, was 
6200 psi., or about 7.5 per cent lower. 
This difference may be due, in part, to 
the effect of temperature on the stiffness 
of the specimen. It may also be due, 
in part, to the fact that the rotating- 
cantilever-beam fatigue test actually 
subjects the specimens alternately to 
bending flatwise of the laminations and 
to bending edgewise of the laminations. 
However, it does not seem likely that 
this difference was significant, since 
inspection of the specimens tested re- 
vealed that fatigue cracks occurred in 
substantially the same manner on the 
flatwise side of the specimens for tests in 
both types of machines. 

The difference in results may also be 
due to the fact that in one machine the 
amplitude of deflection of the specimen 
was constant throughout the life of a 
test whereas in the other machine the 
load applied to the rotating cantilever- 
beam specimen was constant during the 
test. This difference became significant 
when the development of fatigue cracks 
or an increase in temperature caused a 
decrease in the stiffness of the specimen. 
This decrease in stiffness caused a de- 
crease in the amplitude of the applied 
load for tests in the constant-amplitude- 
of-deflection type machine, and an in- 
crease in deflection of the specimen for 
tests in the rotating-beam type machine. 
The result of this difference in behavior 
was to cause the conditions of the test 
to tend to become more severe in a 
totating-beam type machine than in 
a constant-amplitude-of-deflection . ma- 
chine when fatigue cracks began to de- 
velop in the specimen. 

It does not follow from the above, 
however, that the significant stress (in 
the region in which fatigue cracks ap- 


peared) had a constant amplitude 
throughout the life of a specimen tested 
in the rotating-cantilever fatigue ma- 
chine, or that the significant strain had a 
constant amplitude throughout the life 
of a specimen tested in a constant-ampli- 
tude-of-deflection type machine. In- 
stead the amplitude of the significant 
stress probably increased in a rotating- 
cantilever fatigue test, when a crack 
developed in a specimen, because the 
cracks caused a change in the geometry ~ 
of the specimen with a consequent 
change in the distribution of stresses. 
Also the amplitude of the significant 
strain probably increased in a constant- 
amplitude-of-deflection fatigue test when 
a crack developed in the specimen be- 
cause the cracks caused a decrease in the 
stiffness of the cracked part of the speci- 
men. This change in stiffness resulted 
in a redistribution of strain throughout 
the specimen so that the amplitude of 
the strain in the region of the crack was | 
increased and the amplitude of the 
strain in other parts of the specimen was 
reduced. 

6. The effect of range of stress on the 
fatigue strength in bending fatigue tests 
was to cause the fatigue strength at 107 
mean stress of zero (completely reversed 
stress cycle) to a fatigue strength of 


cycles to decrease from 6700 psi. at 7 


4500 psi. for a mean stress of 16,000 psi. 


in tension. The stresses given are the 
initial values of stress for tests at 1720 
cycles per minute, temperature of 77 F., 
and relative humidity of 50 per cent. 
(See Fig. 17.) 

7. The effect of range of stress on the 
torsional fatigue strength at 10’ cycles” 
was found to cause a decrease in fatigue 7 
strength from 790 psi. at zero mean 
stress to a fatigue strength of 650 psi. - 
at a mean stress of 2500 psi. (See Fig. | 
19.) The stresses given for torsion 
fatigue tests are the initial values of the 
shearing stresses developed during the 


tests, and were computed from the ele- 
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_ mentary equation for torsion of circular 


cross-section members. Because of the 
anisotropic nature of this material, the 
stress values shown do not accurately 
represent the magnitude of the stresses 
developed. 

8. A comparison of the torsion fatigue 
strength (measured in terms of shear- 
ing stresses) with the bending fatigue 
strength (measured in terms of tensile 
stresses) showed that the fatigue strength 
in torsion was approximately one eighth 
the fatigue strength in bending. This 
wide difference in the fatigue strength 
was due to the low fatigue strength of 
the bond between the laminations. The 
fatigue cracks developing in specimens 
tested in torsion were observed to form 
parallel to the laminations. 

9. A comparison between the results 
obtained in this series of tests with avail- 
able test results upon similar material 
(10) shows fair agreement between bend- 
ing fatigue tests in completely reversed 
stress cycles. The only other data on 
fatigue tests of this material that have 
come to the attention of the author, are 
contained in a paper by Field (10). He 
used two methods of defining fatigue 
failure, one of which was the appearance 
of a fatigue crack and the second was 
essentially a change-in-stiffness method 
in which a different technique was used 
from that used in the tests reported in 
this paper. The fatigue strength at 10’ 
cycles obtained by Field with his change 
in stiffness method of defining fatigue 
failure was about 15 per cent higher than 
the corresponding fatigue strength ob- 
tained by the author for the laminate 


described in this paper. 
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In the tests reported in this paper, 
visible fatigue cracks were present at 
the number of cycles for which fatigue 
failure was said to have occurred under 
the change-in-stiffness method of de. 
fining fatigue failure; however, Field (10) 
has reported that fatigue cracks were not 
visible in his specimens until sometime 
after the number of cycles at which the 
complete failure was indicated by the 
change in stiffness method which he used, 
This discrepancy may serve to illustrate 
the difficulty of detecting fatigue failure 
by visual inspection for the appearance 
of fatigue cracks. 
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DISCUSSION 


Mr. T. McLEAN Jasper! (by letter).— 
This paper is exceedingly interesting in 
that it brings out several very interesting 


phenomena. 


During the emergency just past the use 
of paper and wood laminates has been 
greatly advanced. Such structures as 
airplane envelopes and a great many 
other important stressed members have 
already demonstrated a reliability which 
is having a very great effect on the ex- 
pansion of the use of laminates. It is 
felt that one of the most important test 
phenomenon, brought out by the au- 
thor’s tests, is contained in Figs. 7 and 8. 
The use of laminates is almost exclu- 
sively appropriate to atmospheric tem- 
peratures and below. The rapid reduc- 
tion in quality of endurance at higher 
temperatures precludes many applica- 
tions above about 100 F. 

The airplane type seems very well 
suited for the application. Since the 
specific gravity of most of these lami- 
nates is around 1.4, the quality of 
strength per unit of weight is very attrac- 
tive and if the cost per unit of strength 
per unit of weight is considered, I would 


predict that the paper and wood lami- 


nates have a very important economic 
field to occupy. 

The data on speed of testing indicate 
relatively little difference in the endur- 
ance limit. The values indicated by 
Fig. 4 are what might be expected when 
it is understood that as the speed is in- 
creased the tendency for vibration to 
increase slightly the stress above what is 


! Technical and Research Director, General American 
Transportation Corp., Chicago, I 
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actually measured is always there. This 
is, of course, a phenomenon which ap- 
pears in service as well as in testing, but 
the difference between service conditions 
and carefully controlled laboratory test- 
ing conditions may vary much more 
widely. 

Mr. J. A. (by letter).—Mr, 
Findley has presented an unusually com- 
plete group of results which is of interest 
to any one working on fatigue problems. 

It would be of interest to know, in 
Figs. 13 and 14, at what point fatigue 
cracks were first detected. Also I should 
like to know the approximate size of 
cracks at the time of failure in bending. 
It appears that there may have been a 
drop in the stress range before the forma- 
tion of the first crack, and it would be 
worth-while to know more definitely 
about this. Glocker, in Germany, has 
reported that in metals damaged by 
fatigue the outer layers of a specimen do 
not carry as much stress as would be ex- 
pected from the applied load. The effect 
is small, being detected only by X-rays, 
but it should result in decreased stiffness 
of the specimen. The decrease is prob- 
ably too small to be measured in metals, 
but is it not possible that a similar phe- 
nomenon is responsible for the decreased 
stress range observed in the fatigue of 
plastics? 

The difference in properties between 
metals and plastics is emphasized by a 
comparison of the results reported in this 
paper with work done at the National 
Bureau of Standards and reported in Na- 
tional Advisory Committee for Aero- 


2 National Bureau of Standards, Washington, D. C. 
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nautics Technical Note 992. In R. R. 
Moore tests of notched specimens of 
S.A.E. X4130 steel, failure was defined 
as having taken place when the deflec- 
tion of the specimen reached a predeter- 
mined value. However, the value 
chosen was 0.0002 in. as compared with 
the 0.1 in. which Mr. Findley used in his 
experiments. Of course, the tests are 
not exactly comparable, but the differ- 
ence in magnitude is startling. 

Mr. REGINALD B. BLanp? (by letter).— 
The author is to be complimented on his 
able handling of a very difficult problem. 

The writer at one time directed some 
fairly extensive tests, for a large airplane 
manufacturer, on certain types of plastic 
laminates. This material had unusually 
high internal damping so that the speci- 
men temperature was considerably above 
ambient temperature even for the rela- 
tively slow testing speed of 1800 rpm. 
Since sub-resonance-type fatigue testing 
machines were used, changes in specimen 
modulus with temperature would change 
the resonant frequency of the fatigue 
testing machine, thus making load control 
somewhat critical during the early stages 
ofatest. This trouble with load control 
was later cured by changes in the testing 
machine, but an unexpected virtue of the 
testing method was brought out: that 
the slight reduction of the effective 
modulus of elasticity of the material 
resulting from an incipient fatigue crack 
caused a considerable increase of load 
which would rapidly complete the failure. 
Hence, in all cases where failure resulted 
after temperature stabilization had taken 
place, the number of cycles between the 
initiation of the crack and the failure was 
a negligible proportion of the total num- 
ber of cycles, which considerably sim- 
plified the definition of failure. 

In regard to the tests on rotating- 
cantilever specimens, the significance of 


‘Structural Engineer, Aircraft Loads Div., National 
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the nominal stress values computed using 
the usual beam formula of Mc/I may be 
open to question. The reason for this is 
that the material has widely different 
proportional limits in tension and in com- 
pression, the proportional limit appar- 
ently being much less for compressive 
stresses. Asa result, whenever the bend- 
ing moment is such that the compressive 


stress as computed by beam formula ex- — 


ceeds the proportional limit, a certain 
amount of plastic flow takes place at the 
outside, most highly stressed fiber. The 
simple beam formula is then no longer 
valid and the effect of increasing the load 
beyond the above value is to reduce the 
compressive stresses and to increase the 
tensile stresses from the computed values. 
Effectively this means that the mean 
stress is no longer zero and the stress is no 
longer completely reversed. Also, the 
varying stresses will not agree with the 
computed values. 

While this effect may not greatly affect 
the results of the subject paper, the 
writer would like to mention it at this 
time, as it is the writer’s opinion that the 
rotating-beam type of test can frequently 
lead to misinterpretation in this regard. 

In regard to the tests on notched speci- 
mens, the various reasons advanced by 
the author for not calling the ratio of the 


fatigue strength of the unnotched speci- | 


mens to the fatigue strength of the 
notched specimens the “stress concen- 
tration factor,” do not appear valid if 
the term is preceded by the words “effec- 
tive” or “experimental.” Despite the 
fact that the ratio includes the over-all 
effect of many different factors, it still 
indicates the over-all reduction caused 
by the notch and hence can legitimately 
be used in design problems, etc. 

The writer does not agree with the au- 


thor in his explanation for the behavior — 


of the notched specimens. The fact that 
the stresses below the base of the notch 
are triaxial is not considered significant, 
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asJit seems improbable that the fatigue 
failure would initiate in a zone suffi- 
ciently far below the surface to permit 
the radial stresses to attain a large 
enough value to affect the fatigue 
strength materially. Rather, it seems 
that the state of stress at the base of the 
notch is biaxial tension and, further, is 
not constant around the circumference 
of the notch due to the marked anisot- 
ropy of the material. Unfortunately, 
the notch selected for this work is not one 
that can be handled by mathematical 
analysis and hence the magnitude of the 
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Fic. 1.—Variation of Effective Stress Con- 
centration Factor in Fatigue with Nominal Stress 
at Base of 45-deg. Notch. 


circumferential stress cannot be deter- 
mined, although the concentration factor 
can be estimated as probably lying be- 
tween 3.5 and 4.0. 

Concentration factors of this magni- 
tude introduce another complicating fac- 
tor in that the strain rate at the base of 
the notch is much higher than for a sim- 
ple specimen without stress raisers. The 
introduction of a stress concentration 
factor of 3.5, for the tests that were con- 
ducted at 5200 rpm., is roughly equiva- 
lent to running tests on an unnotched 
specimen, at the same nominal stress 
level, at over 18,000 rpm. Such high 
strain rates are restricted to a very small 
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volume at the base of the notch, and jp 
combination with the wide hysteresis 
loops resulting from plastic flow may 
cause severe local heating of the materia] 
due to its low heat conductivity. 

To better point out that factors be. 
yond those mentioned by the author are 
present, the accompanying Fig. 1 has 
been prepared, which is based on the S-N 
curves presented in Fig. 9 of the author’s 
paper. It will be noted that the effec. 
tive stress concentration factor in fatigue 
follows the usual law of variation for low 
stresses, although the reduction to a 
minimum value takes place rather more 
rapidly than is generally found. Follow- 
ing the attainment of a minimum value 
at a nominal stress of approximately 6500 
psi., however, the effective concentration 
factor abruptly increases. This  sug- 
gests strongly that factors beyond that of 
normal stress alleviation play a promi- 
nent part. Localized heating, as sug- 
gested, may be one factor. Others that 
may play important parts are: strain 
rate, changes in strain distribution due to 
the anisotropy of the material in com- 
bination with heating effects, inequality 
of tensile and compressive proportional 
limits, etc. The data presented are in- 
adequate to permit the evaluation of 
these factors. 

The lack of agreement between fatigue 
strength and modulus of rupture does not 
surprise the writer. The writer is begin- 
ning to feel that the static failure and the 
fatigue failure are not necessarily related, 
as they may represent two different phe- 
nomena. ‘The writer hopes to be able to 
express his views further on this subject 
in the near future. 

Mr. E. C. O. Ertcxson' (by letter).— 
Mr. Findley has recognized the difficulty 
of defining failure in fatigue tests of such 
materials as plastics. In constant am- 
plitude-of-deflection tests of wood and 
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plywood? in flat plate machines we have 
used an arbitrary procedure for deter- 
mining the end point of the test. Small 
micro switches set at the mid span of the 
cantilever specimen operated to stop the 
machine when the throw at this point in- 
creased by a small amount from its ini- 
tial value. The increase in throw to be 
used was determined from a series of 
auxiliary tests in which condition of the 
specimens after stoppage of the machine 
by various settings of the micro switch 
was examined. In tests of Papreg® the 
“deflection method” devised by Field’ 
was used. While our experience in 
this subject is limited, it would seem that 
Field’s method is a more logical and less 
arbitrary basis than the use of the micro 
switch or the method described by Mr. 
Findley. It seems obvious that defini- 
tion of failure or of the end point in 
fatigue tests of some materials needs fur- 
ther exploration. 

Mr. Findley’s paper is of particular 
value and interest to us in that it includes 
the only available data of which we know 
on the effect of subnormal and abnormal 
temperatures on the fatigue-strength of 
paper-base phenolic laminates. 

Mr. ALBERT G. H. Dietz® (by letter).— 
Mr. Findley’s paper not only contains 
much data of value respecting the fatigue 
strength of laminated paper plastic, but 
points out directly or by inference a 
number of factors of importance in the 
testing of materials of this nature. 

First is the necessity for defining 
fatigue failure. In this series of tests 
several different criteria had to be estab- 
lished, more or less arbitrarily, depend- 


. '“The Fatigue Behavior of Wood and Plywood Sub- 
jected to Repeated and Reversed Bending Stresses,” U.S. 
come I Products Laboratory Mimeograph No. 1327, Octo- 


*E. C. O. Erickson and G. E. Mackin, ‘Properties and 
Development of Papreg—A High-Strength Laminated 
aper Plastic,” Transactions, Am. Soc. Mechanical 
Engrs., May, 1945, p. 267. 

TP, M, Field, “Basic Physical Properties of Lamin- 
ates,” Modern Plastics, Vol. 20, August, 1943, p. 98. 

* Assistant Professor of Structural Design and Ma- 
terials; Dept. of Building Engineering and Construction, 
Massachusetts Institute of Technology, Cambridge, Mass. 
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ing upon the type of test. For the 
rotating-beam test a certain pre-deter- 
mined deflection defined failure. For 
the constant-deflection tests, cracks re- 
ducing the stiffness of the specimen by 
a pre-determined amount defined failure, 
with some complications in the tests 
conducted at a mean stress not equal to 
zero. In the absence of any generally 
accepted definition, Mr. Findley’s criteria 
of failure are as logical as any. On the 
other hand, if other investigators adopt 
different definitions of failure, it becomes 
difficult if not impossible to correlate the 
results of different tests. Some agree- 
ment as to what constitutes fatigue 
failure is necessary. Possibly several 
sets of criteria are needed, depending 
upon the use to which a given material 
is to be put. 

Second is the importance of rate of 
strain upon the behavior of the material. 
Different results are obtained, at least 
partly because of temperature rises in 
the material. This in turn points out 
the hysteresis effects to be expected with 
materials of this kind. More striking, 
however, is the disparity between the 
results obtained with the bending fatigue 
tests, and the static modulus of rupture 
tests, in which the rate of strain was 
comparatively low. The same appears 
to be true of shearing stress. The 
importance of the time factor in these 
tests becomes apparent and must be 
considered in correlating the results of 
different tests. 

Mr. Findley makes an excellent analy-_ 
sis of the loss of stiffness caused by 
cracking in specimens subjected to 
alternating stresses with a mean not 
equal to zero. It may be that the differ- 
ence between the theoretical curves of 
Fig. 12 and the actual ones is caused by 
slight crushing of the material in the 
vicinity of the crack, which would pre- 
vent the crack from closing up instan- 
taneously on the compression cycle, 
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A number of other points of interest 
are brought out. Specimens machined 
seven months ahead of testing yielded 
poorer results than specimens machined 
two weeks before. Degradation of the 
surface or some other aging characteris- 
tic seems to be involved and indicates 
that similar aging of material in use may 
have to be considered in design. The 
steady decrease in fatigue strength with 
rising temperature, with an indicated 
drop of approximately 75 per cent in 
rising from —75 F. to +320 F. is another 
factor of importance in design. 

Mr. N. Finpiey (author’s 
closure by letter).—The author wishes to 
express his appreciation to the discussors 
for their valuable contributions to this 
subject. The discussors have raised a 
number of questions some of which are 
of a controversial nature and cannot be 
satisfactorily answered without experi- 
mental evidence which does not exist at 
the present time. With this limitation 
in mind, the author will respond to all 
issues on which he has comments which 
may help to clarify this difficult problem. 

Mr. Jasper’s comment that the rapid 
reduction in quality of endurance at 
higher temperatures precludes many 
applications above about 100 F. may be 
somewhat misleading, inasmuch as Fig.8 
shows that the fatigue strength of this 
material is most affected by changes in 
temperature at low temperatures. In 
fact, the curve shown in Fig. 8 appears as 
though the fatigue strength might be 
nearly independent of temperature at 
temperatures above 300 F. were it not 
for the fact that the material begins to 
char and otherwise deteriorate at the 


4 elevated temperatures. 


The actual behavior of the rotating- 
cantilever-beam fatigue machine used 
_ in this investigation did not substantiate 
Mr. Jasper’s observation that the effect 
of speed of testing may have been caused 
by an increased tendency for vibration 
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at the higher testing speeds. Since most 
of the tests were conducted at speeds 
above the resonant speed for the machine 
and specimens used, the small vibrations 
which occurred tended to decrease as 
the speed of testing increased. 

In reply to Mr. Bennett’s question 
concerning the test data shown in Fig. 
13, a fatigue crack in the specimen was 
observed at 20,000 cycles. This crack 
was on the side of the specimen which 
was subjected to the greatest tensile 
stress. With the criterion of fatigue 
failure as defined in the present paper, 
however, failure occurred at about 30,- 
000 cycles. At this number of cycles 
the fatigue crack probably was about , 
in. deep in the specimen which was about 
4 in. thick. However, the depth is not 
accurately known. At 56,000 cycles it 
was observed that a crack had formed 
on the opposite side of the specimen. 

It may be worth noting that the break- 
down of this particular specimen (see 
Fig. 13) began as a crack on the side of 
the specimen having a high tensile stress, 
progressed inward about ;'5 in., then 
spread as a separation between the lami- 
nations at about )5-in. depth. After a 
number of cycles, the crack progressed 
inward again about '; in. and spread 
again as a separation along the lamina- 
tions. This process was repeated until 
the crack was about ;°5 in. deep at which 
point a crack was observed to have 
started on the opposite side of the speci- 
men. No data are available on the num- 
ber of cycles at which a fatigue crack was 
visible for the test reported in Fig. 14. 

The author is doubtful whether the 
difference noted by Mr. Bennett between 
the deflection used in this paper to define 
failure of plastic specimens and that used 
in an N. A. C. A. Report to define failure 
of steel specimens actually represents 4 
difference in properties between metals 
and plastics, inasmuch as the value 
chosen in both cases was arbitrary. A 
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small increase in deflection might have 
been used in the case of plastics as well as 
steel. The author used a relatively large 
increase in deflection, for the purpose of 
defining fatigue failure, in order that the 
results might be more accurately repro- 
duced. The results were more easily re- 
produced with a large increase in deflec- 
tion because the increase in deflection 
was very gradual as failure began to take 
place, and the determination of the num- 
ber of cycles corresponding to a given 
small increase in deflection was some- 
what uncertain. On the other hand, the 
deflection increased rapidly as failure ap- 
proached complete fracture and the de- 
termination of the number of cycles cor- 
responding to a given deflection was more 
positive. 

It is well to note that the amount of 
deflection corresponding to a given size 
of crack would be influenced by the size 
and shape of the specimens used. 

The difference between the rate of 
growth of the crack in a subresonance 
type of fatigue testing machine compared 
to that of the constant-amplitude-of- 
deflection type machine as pointed out 
by Mr. Bland has also been observed by 
the author in recent tests with a sub- 
resonance type of fatigue testing ma- 
chine. It may be well to mention at this 
point that the rotating-cantilever-beam 
type of fatigue testing machine has very 
similar characteristics to that of the sub- 
resonance type of machine with respect 
to the rapidity of crack growth. 

Mr. Bland has pointed out one of the 
limitations of the flexure formula with 
relation to the rotating-beam fatigue 
test. However, it should be pointed out 
that a more precise analysis of the 
stresses is impossible or at least imprac- 
tical with present methods of stress 
analysis. It seems to the author that a 
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more practical approach to the problem 
might be to abandon the technique of 
stress computation in favor of direct 
strain measurement. It should also be 
noted that the objections raised by Mr. 
Bland to the use of the simple beam 
formula apply equally well to all types 
of fatigue testing machines which subject 
the specimen to flexure, rather than only 
to the rotating-beam type of machine as 
implied by Mr. Bland. 

The discussion of the failure of the 
notched specimens by Mr. Bland is very 
interesting and seems to emphasize fur- 
ther the difficulty of evaluating the 
stress-concentration factor. The author 
disagrees with Mr. Bland in his use of the 
term effective stress-concentration fac- 
tor. In the opinion of the author the 
effective stress-concentration factor 
should be used to define the ratio be- 
tween the maximum stress observed in 
actual tests of a stress raiser to the nomi- 
nal stress at the stress raiser computed 
from the ordinary formulas of mechanics 
of materials, and the ratio thus deter- 
mined should not include other factors 
such as differences in rate of strain, tem- 
perature, surface finish, residual stresses 
or changes in structure of the material 
by cold working, etc. 

It seems to the author that all three of 
the methods of detecting: fatigue failure 
described by Mr. Erickson are equally 
arbitrary in that none of them detects 
the inception of the fatigue crack. 
Therefore, it would seem that the only 
claim for superiority of one method over 
another would be on the basis of reli- 
ability and simplicity. 

The explanation given by Mr. Dietz 
for the difference between the theoretical 
curves of Fig. 12 and the actual ones is 
probably the correct explanation. | 
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THE EFFECT OF WIDTH AND OF SPAN-DEPTH RATIO ON THE 


FLEXURAL STRENGTH OF LAMINATED PLASTICS* 


By E. M. ScuoensorN,! GeorGcE R. Proctor,? AND JAIME CARVAJAL” 


SyNopsIs 


The inadequacy of current testing procedures for the determination of the 
flexural characteristics of rigid plastic materials has promoted a comprehen- 
sive study of the test method. A program to evaluate the effect of different 
test variables on the modulus of rupture and modulus of elasticity has been 
undertaken in an effort to develop better testing techniques and to gain a 
more intimate knowledge of their significance. 

This report describes briefly the results obtained to date from over five 
hundred flexural tests carried out in these laboratories. Laminated phe- 
nolic sheet, grades X and C, and vulcanized bone fibre sheet were tested at 
span-depth ratios of 8, 12, 16, and 24 to 1 and in widths varying from } in. 
to lin. Specimens were cut both lengthwise and crosswise from } and 3- 
in. sheet stock. 

Nearly all tests were remarkably consistent, calculated values of flexural 
strength and modulus exhibiting average deviations within + 3 per cent of 
the mean of 5 to 10 determinations. In general, calculated maximum fiber 
stress at rupture was found to decrease, and the modulus to increase, with 
increasing span-depth ratio. The effect of width of specimen appeared 
anomalous, particularly for the phenolic materials, since samples cut length- 
wise showed increasing strength, while those cut crosswise gave decreasing 
values, as the sample width increased. Both the flexural strength and modu- 
lus calculated for the fiber were independent of width over the range covered. 
Only two thicknesses of sheet were included in this investigation so that no 
general statements regarding the effect of specimen depth can be made at 
this time. 

Several correlations of the observed data were made which show that the 
formulas currently being used to calculate ultimate flexural stress and modu- 
lus of elasticity are not rigorous for the materials studied. A plot of break- 
ing load P versus specimen dimensions, L/bd*, however, indicates P to be a 
power function of the latter group of variables, the exact function being 
dependent upon the nature and direction of the material. A more funda- 
mental approach to the behavior of inelastic materials in flexure is, there- 
fore, indicated. 


Means for determining the phys- 


*Also published in ASTM Butrerin, No. 134, 
May, 1945, p. 42. 

1 Associate Professor of Chemical Engineering, 
Division of Chemical Engineering, University _of 
Delaware, Newark, Del. 

2 Research Fellows in Plastics, Division of 
Chemical Engineering, University of Delaware, 
Newark, Del. 


910 


ical properties of plastics by 
standardized methods and_proce- 
dures have become of increasing 
importance, particularly where ap- 
plications of a structural character 
are concerned. Furthermore, a 
knowledge of the behavior of 
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these materials, as interpreted 
through sound testing methods, is 
a prime consideration in engineer- 
ing design. Among the more im- 
portant mechanical properties which 
must be evaluated before any sig- 
nificant comparison of rigid materi- 
als can be made is that of flexural 
strength. 

Because of the uncertainties ex- 
isting in an interpretation of the 
flexural test method as a conse- 
quence of the large number of vari- 
ables involved and because of the 
anomalous results obtained by 
methods currently in use, a broad 
program directed toward a careful 
evaluation of the test method has 
been undertaken. 

A series of round-robin tests was 
carried out some time ago by Sec- 
tion F, Subcommittee I of A.S.T.M. 
Committee D-20 on Plastics and the 
results were summarized by W. A. 
Zinzow.* The need for modification 
of the then existing flexural test 
method was apparent and specific 
changes were recommended. At 
the same time, a continuation of the 
study covering an even wider range 
of test variables and materials ap- 
peared desirable so that the present 
investigation was initiated. 

A preliminary report describing 
the general philosophy of approach 
was presented to A.S.T.M. Commit- 
tees D-9 on Electrical Insulating 
Materials and D-20 on Plastics at 
their meetings held in Atlantic 
City, October 24 to 27, 1944. Since 
that time over 500 tests have been 
made on two types of phenolic- 
laminated material and. on vulean- 
ized fibre, and it is the purpose of 
this report to present briefly the 
results obtained and the implica- 


See p. 376. 
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tions of these results with regard to 
future work. 


EXPERIMENTAL 
Testing Equipment: 

All flexural tests were carried out 
in a specially constructed air-condi- 
tioned room maintained at 77 F. 
and 50 per cent relative humidity. 
Samples of phenolic previously cut 
to size were conditioned in this en- 
vironment for a period of at least 
six weeks prior to testing. The 
fibre was conditioned in a circulat- 
ing air oven at 50 C., stored in desic- 
cators and tested immediately upon 
removal therefrom in the manner 
prescribed in A.S.T.M. Tentative 
Methods of Conditioning and Classi- 
fying for Conditioning Plastics and 
Electrical Insulating Materials for 
Testing (D 618-44 T).* 

A Baldwin Southwark Tate-Em- 
ery Universal Testing Machine of 
60,000-Ib. capacity was employed 
for all tests. This unit is equipped 
with an automatic stress-strain re- 
corder which, by means of a special 
adaptation of a set of extensometers 
for measuring relative crosshead 
motion, permits the recording of a 
load-deflection diagram for each 
test. The recorder eliminates the 
necessity for tedious dial gage read- 
ings and permits a single operator 
to perform the necessary operations 
easily and quickly. An attachment 
especially developed to utilize an 
extensometer for measuring relative 
crosshead motion is described later. 
A standard set of Sonntag flexure 
tools having supports and loading 
nose with 4-in. radii, standard dial 
indicators, and other necessary fix- 
tures are available. 

A general view of the testing ma- 


41944 Book of A.S.T.M. Standards, Part III, 
p. 1385. 
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chine is shown in Fig. 1; the present 
arrangement for the flexural tests 
is shown in Figs. 2 and 3. 
Extensometer Attachment.—In or- 
der to obtain an accurate load- 
deflection diagram with the re- 
corder, a high magnification exten- 
someter is being used to measure 
relative crosshead motion. For hard 
materials, indentation at the sup- 
ports and nose is found to be negli- 


Fic. 1.—General View of Baldwin South- 
wark 60,000-lb. Testing Machine in Air- 
Conditioned Laboratory. 

gible so that the motion of the platen 
relative to the fixed crosshead serves 
to give a good indication of beam 
deflection. For softer materials, a 
modification of this scheme will have 
to be devised and it is hoped a means 
can be found for measuring sample 
deflections directly from the speci- 
men and of recording them with the 
stress-strain instrument. 

The extensometer attachment 
(Fig. 4) consists essentially of twe 
short brass rods, one sliding within 
the other, to which the knife-edges 
of the extensometer can be securely 
fixed. The lower rod is screwed into 
a heavy base which rests on the fixed 
crosshead. The upper brass rod is 
engaged through a ball and socket 
joint with a long thin steel rod which 
slides through a hollow brass fixture 
containing a set-screw. This fixture 


is machined to fit into the steel 
wedge used to suspend the upper 
set of a pair of Templin tension 
grips. In this way the device is 
kept in alignment and adjustment 
of the fixed crosshead is readily 
made without removing the ex- 
tensometer. A high magnification 
extensometer with a range of 0.20 
in. is currently being used at a 
magnification ratio of 100. Thus, a 
deflection of 0.01 in. is recorded on 
the strip chart through a distance of 
‘lin. 


2.—Flexural Test Set-up Showing 
“uxtensometer Arranged to Record Rela- 
tive Crosshead Motion. 


Materials: 


While it is planned to continue 
investigation of the flexural 
strengths of numerous other plas- 
tics, the tests described herein were 
confined to grades X and C phe- 
nolic-laminated sheet material and 
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to,Bone Grade vulcanized fibre. A 
large quantity of these samples cut 
both crosswise and lengthwise of 
the sheet was generously supplied 
by Continental-Diamond Fibre Co. 
and National Vulcanized Fibre Co., 
Newark, Del. Other samples not 
yet tested include phenolic-laminate 
and Pregwood supplied by Syn- 
thane Corp. and Formica Insulation 
Co., respectively. 


Fic. 3.—Extensometer Attachment in 


Position. 


Test Variables: 


Data were obtained on the above 
materials at span-depth ratios of 
8, 12, 16, and 24 to 1 using samples 


of 4 and }-in. depths and }, 3, 
and 1-in. widths. The testing 
speed utilized was determined for 
each sample size from the formula as 
recommended in A.S.T.M. Tenta- 


On FLEXURAL STRENGTH OF LAMINATED PLASTICS — 913 


tive Method of Flexural Test of 
Plastics (D 790 — 44 T)5: 


N = 0.01L*/6d...... 


where: 
d = depth of beam as tested in inches, 
L = distance between points of sup- 
ports (span) in inches, and 
N = rate of crosshead motion in inches 
per minute. 


Fic. 4.—Extensometer Attachment for 
Flexural Test. 


The rate of crosshead motion was 
maintained as close as possible to 
this calculated value by manual 
control using a dial indicator and 
stop watch. Previous tests indi- 
eated a considerable variation in ul- 
timate flexural strength and modu- 
lus of elasticity with speed of 
testing but this variable was not 
studied in the present series. 

At least five and, in numerous 
cases, aS many as ten samples 
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(where greater variation of breaking 
load was noted) were successively 
tested under identical conditions of 
operation. All samples were care- 
fully aligned flatwise on Sonntag 
supports with contact edges rounded 
to a radius of }4 in., any burr re- 
sulting from the cutting operation 
having previously been carefully 
removed from the sample with sand- 
paper. The thickness and width of 
each specimen were measured to the 
nearest 0.001 in., the span to the 
nearest 1/¢4 in. 


Breaking Load 


0 02 03 O04 
Deflection, in. 


0.5 06 


Fic. 5.—Typical Load-Deflection Dia- 
gram Grade X Phenolic-Laminate, Tested 
Lengthwise. 
Nominal size: 8 by iby 2 ie. Span-depth ratio: 
Each sample was tested as a 
simple beam loaded at the center, 
the loading nose being identical in 
shape and dimensions with the end 
supports. Since the materials tested 
were relatively hard and since in- 
spection showed that indentation 
was negligible at the loads encoun- 
tered, effect of indentation on total 
deflection was not an appreciable 
factor. 


RESULTS 


The observed data and calculated 
results are summarized in Table I. 
In view of the voluminous amount 
of data obtained and in the interests 
of economy of space, only average 
values are presented here. The 
greatest ranges of variables were 
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Sufficient 3-in. phenolic stock was 


covered with j-in. thick sheet. 
not conveniently available in as 
great a variety of widths, but the 
few data given are useful for pur- 
poses of comparison. Data on 
zs, 3, and 1-in. depths will be pre- 
sented subsequently. 

The ultimate flexural strength 
(modulus of rupture), S, was com- 
puted for each specimen from the 
measured dimensions and breaking 
load according to the formula: 


S = 3PL/2bd*.......... (2) 

where: 
b = width of beam as tested in inches, 
P = load in pounds, and 
S = maximum fiber stress in pounds 
per square inch, 


This formula applies only to ma- 
terials for which the maximum fiber 
stress remains linearly proportional 
to strain up to the point of rupture 
and consequently cannot be rigor- 
ously applied to the type of materi- 
als studied. Lacking an exact rela- 
tionship, however, it has been ap- 
plied as a convenient means of re- 
porting the flexural characteristics 
of a material under various condi- 
tions of test. 

The modulus of elasticity was _ 
computed from the formula: 


L? (P 
where: 
Es = modulus of elasticity in 


bending in pounds per 
square inch, and 
(P/Y) = slope of initial straight line 
portion of load-deflection 
curve in pounds per inch 
deflection. 


The slope of the tangent to the load- 
deflection curve is obtained from the 
initial portion of this curve as auto- 
matically traced by the stress-strain — 


100 
2 
a 
0 


recorder for each specimen. A typi- 
cal load-deflection diagram is shown 
in Fig. 5. 

Although the values of ultimate 
strength and of modulus of elasticity 
are reported as the mean of at least 
five determinations, the average 
deviation expressed as per cent are 
also given. In the case of both 
properties, the average deviation 
from the mean of all samples tested 
are generally well below + 3 per 
cent. This is striking evidence of 
the precision with which data were 
taken and lends added confidence 
to the results obtained. 
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the fact that equal linear increments 
on such a scale represent equal per- 
centage changes in the variable 
plotted. This obviates the some- 
times misleading pictorialization fre- 
quently resulting from use of arith- 
metic scales. The average devia- 
tions are shown in several cases by 
small vertical lines drawn above and 
below the data points. They are 
not shown for all of the data plotted 
since the same or smaller order of 
deviation applies approximately to 
all the tests described. 

It is of interest that, in the case of 
every material tested, there is, in 
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DISCUSSION 
Effect of Span-Depth Ratio: 


The effect of span-depth ratio on 

the flexural strength is shown in 

Fig. 6 where average values of S 

are plotted versus L/d on semi- 
logarithmic scales. The advantage 
of using a logarithmic ordinate in 
this case lies, as is well known, in 


Span - Depth Ratio, 
Fic. 6.—Flexural Strength versus Span-Depth Ratio. 
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general, a decrease in ultimate flex- 
ural strength, S, with increasing 
span-depth ratio. The rate of de- 
crease, furthermore, is not the same 
for all samples, but appears to de- 
pend both on the nature of the ma- 
terial and on the direction in which 
the sheet is tested. The few data on 
2-in. thick phenolic also vary in’ 
this manner as shown in Fig. 6. 
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Effect of Width: 

In the instance of the phenolic- 
laminate, the data show an anoma- 
lous trend with respect to in- 
creasing width. Specimens cut 
lengthwise of the sheet exhibit an 
increasing flexural strength with in- 
creasing width while values for those 
cut crosswise decrease with increas- 
ing width. Vulcanized fibre appears 
to ‘be more consistent in this 
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span-depth ratio are shown in Fig. 
7. Here the modulus is found to in- 
crease with increasing span-depth 
ratio, despite the fact that the data 
for fibre appear to be less consistent 
and to scatter more widely than the 
phenolic. For a given span-depth 
ratio, however, the modulus in- 
creases with increasing width in the 
case of phenolic specimens cut 
lengthwise and decreases with in- 
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Fic. 7.—Modulus of Elasticity versus Span-Depth Ratio. 


Depth of specimen 


respect, particularly at the higher 
span-depth ratios. The variation of 
strength with width of specimen 
could have been shown more di- 
rectly by using width as a parame- 
ter in Fig. 6. This procedure was 
not feasible, however, without use 
of an expanded scale for flexural 
stress, since the data would have 
fallen very close together. 


Modulus of Elasticity: 


The values obtained for the modu- 
lus of elasticity as a function of 


: din. 


creasing width in the case of those 
cut crosswise of the sheet. The 
modulus appears less dependent on 
width in the case of fiber. 

The anomalous variation in values 
computed for the modulus of elas- 
ticity with increasing span-depth 
ratio cannot be satisfactorily ex- 
plained at this time. Factors such 
as indentation at the loading edges, 
take-up in the threads of the ma- 
chine and low sensitivity of the 
autographic chart may contribute 
to this effect. Since the rate of 
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crosshead motion increases with 
span-depth ratio, according to Eq. 
1, it is possible that the use of in- 
creased testing speeds may account 
at least in part for this variation. 
A study of these different factors is 
currently being undertaken. 


Correlation of Observed Data: 


The values of modulus of rupture 
and of modulus of elasticity, were, as 
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Figs. 8 and 9. Here the breaking 

load, P, is plotted on logarithmic 
paper versus span-depth ratio, L/d, 
using width as a parameter. The 
remarkable consistency of observed 
data is clearly shown. Width as a 
parameter is eliminated by plotting 
P versus L/bd? as shown in Figs. 
9 and 10. The abscissae may here 
be thought of as the product of 
span-depth ratio and cross-sectional 


1000 T T 
4 Spen Prenolic-Lominete 
Groée 
6: ° e + T 
NQF 
z 24) v v Vv 
Ny |-Grode X 
if 
-~Lengthwisée 
100 
Grade 
Grade C Lengthwise-—< 
| 
- 30000 
= ’ = 
20000 
| 
50 100 500 
ote 


- 
Fic. 9.—Breaking Load and Flexural Strength versus L/bd?. 


previously pointed out, computed 
from formulas derived for elastic 
materials. Since these formulas are 
known not to hold for plastics, it is 
of interest to correlate the observed 
data solely on the basis of the vari- 
ables measured. A number of dif- 
ferent methods of plotting were 
tried, two of which are shown in 


area normal to length. Since this 
group occurs in the formula for 
modulus of rupture, this method of 
plotting can be looked upon as a 
test of the application of the 
formula for these materials. The > 
curves of Figs. 9 and 10 show the for- 
mula not to apply in all cases since 
the breaking load here is found to be 


| 
| 4 
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a power function of L/bd?, that is, of 
sample dimensions. Calculated ul- 
timate flexural strength is shown 
plotted in the lower portion of one 
of these figures against the same 
group for purposes of comparison. 
In the case of the laminated 
phenolic tested crosswise, it is of 
interest to note that the slope of the 
P versus L/bd* curves is very close 
to —1, that is, S is essentially con- 
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where values of the constant C and 
exponent n depend only upon the 
composition and direction of the 
specimen. 

It must be remembered that 
Eqs. 2 and 3 are derived on the fol- 
lowing assumptions: “that the 
beam is symmetrical, initially 
straight, homogeneous, of material 
having equal stiffness in tension and 
compression, that it is not stressed 
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Fic. 10.—Breaking Load versus L/bd?. 


- gtant. The latter fact is also evident 


from the S versus L/bd? curves 
which, for the crosswise tests, have 
slopes essentially equal to zero. 
Samples tested lengthwise exhibit 
greater deviation, the slopes for 
grades X and C being about — 1.09 
and —1.17, respectively. Slopes for 
the fiber tested lengthwise and cross- 
wise are —1.08 and —1.04, respec- 
tively. An empirical expression re- 
lating breaking load to specimen di- 
mensions can be obtained from these 
data having the form 


P = 


above its elastic limit by the load, 
that the bending is slight and that 
the plane of the external forces coin- 
cides with a plane of symmetry.’’ 
It is evident, therefore, that these 
formulas cannot be expected to ap- 
ply to plastic materials, particularly 
at the point of rupture. The dem- 
onstrated deviation of the exponent 
n from the theoretical value of 
unity by as much as 17 per cent is 
proof that the flexure formula must 
be used with great care. 


J. B. Johnson, ‘Materials of Construction,” 
Eighth Ed., John Wiley & Sons, Inc., New York, 
N. Y. (1939). 
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[he data presented here, although 
restricted to but three types of materials, 
indicate in a general way the effect of 
the test variables on the flexural char- 
acteristics of these plastics and serve to 
predict the trends which can be expected 
from the test method utilized. This 
study emphasizes a need for similar in- 
vestigations on other materials and a yet 
more fundamental approach to plastic 


Mr. S. TurRNER (by letter) 
The authors are to be commended for 
their direct approach to this important 
subject. ‘The detailed description of the 
testing procedure and presentation of 
the data furnish the reader a basis for 
critical analysis of the conclusions 
reached. The limitation of the conclu- 
sions to the specific materials studied is 
particularly desirable. 

It is unfortunate that the deflections 
were measured by the relative cross- 
head motion, since this method com- 
bines the errors due to deformations at 
both the nose and supports and would 
cause the apparent modulus to be lower 
in tests at the lower span-depth ratios. 
It is not believed that inspection of the 
specimens is an adequate criterion of 
this effect. All of the materials in- 
vestigated are nonisotropic in the three- 
dimensional sense and have much lower 
moduli of elasticity in the direction per- 
pendicular to the sheet. A fairly large 


1Organic Plastics Section, National Bureau of Stand- 
ards, Washington, D. C. 


behavior under carefully controlled test 
conditions. 
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elastic deformation in this direction may 
affect the results without leaving any | 
appreciable permanent deformation. 

The variation of flexural strength 
with span-depth ratio is in general 
agreement with results obtained at the 
National Bureau of Standards on similar — 
materials and with results obtained by 
other investigators on typically brittle 
materials such as cast iron and concrete. 
A number of factors contribute to the 
shape of the curves of flexural strength 
versus span-depth ratio which should 
not be a straight line on either rectangu- 
lar or semi-logarithmic plots. The 
analysis of the data appears to be 
developed around the assumption that 
straight lines should be obtained. 

One of the factors contributing to the 
lower flexural strength at larger span- 
depth ratios is the increased probability 
of finding a flaw in the highly stressed 
portion of the specimen. In his paper 


“Statistical Theory of the Effect of 
Dimensions and Method of Loading 
upon the Modulus of Rupture of Beams,” 
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John Tucker, Jr.? demonstrates that the 
variation in flexural strength of concrete 
with span-depth ratio is dependent on 
the nonhomogeneity of the material. 
Since reinforced plastics are nonhomo- 
geneous by definition the theory should 
apply also to these materials. 

Another effect which is particularly 
applicable in tests of plastics at span- 
depth ratios greater than 16:1 is the 
large deflections and probable slippage 
at the supports. 

High-modulus low-strength materials 
such as concrete and cast iron do not 
exhibit large deflections and _ conse- 
quently are not affected in this manner. 
Reductions in flexural strength of 20 
per cent between span-depth ratios of 
16:1 and 24:1 have been observed at 
the National Bureau of Standards for }- 
in. Grade C phenolic sheet. A large 
part of this reduction is attributable to 
the large deflections which cause con- 
Gt error in the bending moment 


calculated in the usual way. 
Other types of laminates show a re- 
and plywood having a low resin content. 
The variation in flexural strength with 
- span-depth ratio is therefore character- 
istic of the material being tested and not 
necessarily a characteristic of the test 
method. Tests at one selected span- 
depth ratio may give the wrong impres- 
sion of the relative strength of two 
materials under different methods of 
loading. 
The effect of width is also discussed 
by Tucker.? His analysis of the strength 
of concrete beams shows that flexural 
strength is independent of width. Tests 
Bare a variety of plastics at the National 
4 2 John Tucker, Jr., ‘‘Statistical Theory of the Effect of 


Bureau of Standards have shown that 


duction at span-depth ratios below 10 
because of shear failures. Examples of 
such materials are glass-fabric laminates 
Dimensions and of Method of —y on the Modulus of 
Rupture of Beams,” Proceedings, Am 

‘ol. 41, p. 1072 (1941). 


oc. Testing Mats., 
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the flexural strengths of plastics are 
likewise independent of the width of the 
specimen. The author’s results on the 
vulcanized fiber support this conclusion, 

The reason for the anomalous behav- 
ior in the case of the grade C phenolic 
material is evident from the data pre- 
sented. Apparently several sheets of 
material were used for preparing the 
specimens or, if these specimens were 
obtained from a single sheet, the speci- 
mens for a particular width were taken 
from a small area. The specimens hav- 
ing a width of ? in. have a range of 
thickness between 0.273 and 0.275 in.; 
those for the } and 3-in. widths have a 
range of thickness of 0.257 to 0.263 in. 
The specimens having a width of 1 in. 
appear to have been obtained from sheets 
of both thicknesses but with each group 
being taken from a single thickness. 
It does not appear likely that the sheets 
could have been adequately sampled and 
still have the specimens present the 
distinct independent ranges of thick- 
nesses reported. 

The precision of results obtained at the 
National Bureau of Standards on groups 
of 5 contiguous specimens of }-in. grade 
C phenolic laminate has been found to 
be sufficient to show a significant dif- 
ference between different portions of a 
single sheet of commercial laminate 
under identical test procedure. The re- 
sults for a sample representing all por- 
tions of a sheet will show much more 
variation, although the accuracy of the 
measurements is the same. The preci- 
sion of the measurements is undoubtedly 
much better than the uniformity of the 
material. The precision of the data, 
therefore, does not serve as an indication 
of the validity of the results unless the 
material is properly sampled. The 
grade C material does not appear to 
have been properly sampled for the study 
of the effect of width. 

The variation with span-depth ratio 
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appears to be valid, at least it is not 
obviously invalid, except for the data 
obtained for the 1-in. wide specimens cut 
crosswise. The other results appear to 
have been based on comparable speci- 
mens. 

The cause of the anomalous variation 
with width observed for the grade X 
material is not apparent but it might 
prove informative to review the tech- 
nique of sampling employed. 

An additional detail of the testing 
procedure which should be mentioned is 
the particular range of the testing 
machine which was used for the tests. 
The small loads encountered in flexure 
tests are not usually within the range of 
loads that can be measured accurately 
with a 60,000-lb. hydraulic testing ma- 
chine without specific calibration. The 
authors should indicate the maximum of 
the range used in the tests. 

Mr. E. M. ScCHOENBORN (author’s 
closure by letter).—The authors are grate- 
ful to Mr. Turner for his very careful 
study of this paper and for emphasizing 
some of the important factors relating 
to the flexural properties of laminated 
plastics. 

It may be pointed out that the deter- 
mination of deflections by measuring 
relative cross-head motion was employed 
primarily for convenience since it per- 
mitted the use of high magnification ex- 
tensometers in a simple manner. A 


newly developed deflectometer which 
measures deflections from the bottom of 
the sample has been used in subsequent 
tests. Use of this device eliminates the 
effect of indentation at the nose but does 
not account for it at the supports. Be- 
cause stresses at the supports are lower 
and since the moduli are determined from 
the initial portion of the load-deflection 
curve when loads are small, it is believed 
this instrument will reduce further possi- 
bility of error from this source. 

It is entirely possible that the anom- 
alous behavior of certain of the materials 
tested is a result of improper sampling. 
Samples were received from the manu- 
facturers cut to size so that knowledge 
either of the history of the sheets or of 
the locations from which samples were 
cut were not available. The authors 
concur, however, on the importance of 
adequate sampling of such nonhomoge- 
neous materials. 

Nearly all of the tests reported were 
carried out using a load range of 0 to 
600 lb. although several of the larger 
samples at low span-depth ratios re- 
quired use of the 0 to 6000-lb. range. 
There is real need for a testing machine 
(or appropriate modification) operating 
over a much smaller range than the 
former, particularly for thin specimens 
where precise determination of the 
modulus is required. 
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DIMENSIONAL STABILITY OF PLASTICS* _ 


By Rosert Burns! 


SyNopsis 

Because of inherent insulating properties, rigid plastics play an important 
part in the design and manufacture of precision electrical apparatus. 
Almost invariably, practical design considerations require that the plastics 
have reasonable structural possibilities since it is rarely practicable to 
disassociate completely electrical and structural functions. 

This paper discusses one of the important factors in the successful use 
of plastics in precision devices, namely, dimensional stability. Since 
plastics are organic compounds, one must be prepared to accept a degree 
of instability not usually encountered in metals. The measurement of 
this property is therefore of prime importance to the user of plastics since 
the data provide a basis for design adjustment which frequently is the 
difference between failure and success. 

The various types of dimensional change are reviewed. Data illustrating 
the separate effects of humidity, drying, and cycling procedures are sub- 
mitted. The influence of fabricating processes such as compression or in- 


Types or DimENSIONAL CHANGE 

The discussions herein are con- 
fined to what might be termed 
zero-stress conditions, that is, 
where no external stresses such 
as compression, tension, etc., are 
applied. They therefore exclude 
deformation under load, heat dis- 
tortion, and similar procedures 
where elastic or plastic flow results 
from externally applied stresses. 
In any engineering consideration 
of zero-stress dimensional change it 
should, of course, be remembered 
that such changes can occur simul- 
taneously with those produced by 
externally applied stresses. Zero 
stress dimensional change may also 
oppose the changes caused by ex- 


* Also published in ASTM Butuerin, No. 134, 
May, 1945, p. 27. 
1 Telephone Laboratories, Inc., New York, 


jection molding, and sheeting, is included. 


ternally applied stresses. For ex- 
ample, oriented sheet may grow 
thicker rather than thinner under 
low external pressure. Cold flow 
values at moderate external pres- 
sures also will vary with the degree 
of molded stress in the sample. 
Plastic parts, or test specimens, 
change in dimensions becaue they 
are inherently unstable, or are made 
so by manufacturing processes, or 
both. It is very important to keep 
in mind that all plastics, regardless 
of chemical composition, are poten- 
tially unstable dimensionally  be- 
cause it is virtually impossible to 
mold or form a part without intro- 
ducing internal stress. In practice 
most commercial moldings, espe- 
cially those produced by the injec- 
tion process, are highly stressed. 
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On the other hand, the situation is 
not reversible as even ideal molding 
conditions will not produce a stable 
part from an unstable material. 
Inherently stable plastics can be 
defined as those which are not 
affected by atmospheric influences 
<uch as heat, moisture, or combina- 


+0.010 
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dimensional stability, care must be 
taken that in our zeal for accelera- 
tion we do not introduce methods 
which are highly artificial, such as 
extremely high temperatures, or 
which apply to only a small part of 
the product. It is technically and 
economically unsound to require — 
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Fic. 1.—Diametric Change, 
or 
tions thereof encountered in normal that all parts meet requirements 
a engineering use. Unstable plastics, necessary for the few. 
of course, are those which are Regarding choice of atmospheric 
- affected. As pointed out above, conditions this is purely arbitrary | 
- stable materials are frequently made and can be any reasonable state be- 
to unstable by internal molding stresses tween ordinary room conditions and — 
intl which later relieve themselves. those which are obviously too severe. 
ce 2 In the twenties we introduced the 
MEtnHops or TEST following: 2 days at 90 per cent 
2C- relative humidity and 85 F. (repre- 
d. In establishing methods of test for 


senting a state of wetness attained | 
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during the summer), followed by 2 
days at 120 F. (representing a state 
of dryness attained in a steam- 
heated room in the winter), or con- 
tinuous exposure to either. 

In 1940 we adopted a more 
accelerated test as follows: 16 hr. 


cycle to avoid the excessive warping 
which would occur in some materi- 
als at the higher temperature. Un- 
less otherwise noted, the molded 
test specimen is a 3-in. diameter 
by }-in. thick disk, compression 
molded and presumably of low in- 
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over a potassium nitrate solution, 
about 86 per cent relative humidity, 
at 120 F. followed by 7 hr. at 160 F. 
dry, or continuous exposure to 
either. Unless otherwise mentioned 
these conditions, or modifications 
thereof, are the basis for the data 
given herein. For example in test- 
ing thin sheets, it was desirable to 
use 120 F. for the drying part of the 


Cycles 


4 5 6 7 


2.—-Diametrie Change, 
‘Expansion of First Seven Cycles of Fig. 1. (7 Cycles = 1 week.) 


ternal stresses. All ‘‘dry’’ measure- 
ments were made after cooling to 
room temperature in a desiccator jar 
over calcium chloride. 


DaTA AND DISCUSSION 


In Fig. 1 are shown cycling data 
on compression molded specimens 
of several cellulosic compounds. The 
plasticizer content of the cellulose 
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acetates was approximately 25 per 
cent, of the butyrate approximately 
13 percent. It will be noted that al- 
though the diametric increase due 


to humidification, and shrinkage due 


sponse of diameter to moisture and 


drying. 


Figure 3 gives data on a variety of 
plastics in the form of thin sheeting. 
The specimens were 3-in. diameter 
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Polystyrene (0.020 in.) 
Stretched Viny/ Chloride Ace 


(0.008: 


Special Ethy/ Cellulose (0.020 in.) 


A.S.T-M. Type 3 Polystyrene (0.047in.) 
Vinylidene Chloride (0.028 in.) 

Viny/ Chloride Acetate (0.0/Iin.) 
Ethyl! Cellulose Stretched (0.020 in) 
Ethy! Cellulose (0.022 in.) 


Ethy/ Cellulose Aged (0.022 in.) 
Cellulose Nitrate (0.008 in.) 


Cellulose Acetate (0.0/0in) 
Special Nylon Sheet (0.022 in.) 


5days Continuous Ex 


osure of Dry 


Polystyrene 


Vinylidene Chloride 


A.S.T.M. Type 3 Polystyrene 


Cellulose Acetate 


Stretched Viny/ Chloride Acetate 


Ethyl! Cellulose 
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5 Cycles of /6 hr. at /20F. and 86 per cent Relative Humidity 
y 


Followed by 7hr. at /20F. Or 


o SF 
Diametric Change, in. per inch 


: Fig. 3.—Diametric Change of Plastic Sheeting. 


to drying, are somewhat similar for 
individual cycles in all compounds 
the downward slope (sometimes 
called age shrinkage) may vary sub- 
stantially. 

Figure 2 is an expanded view of 
the first few cycles, giving a more de- 
tailed picture of dimensional re- 


disks cut from commercial sheets of 
undetermined composition. 
cycle data are based on diametric 
measurements made at the end of 


the drying period. 


Figure 4 shows diametric change 
of compression molded 3-in. diame- 
ter by }-in. thick disks. 
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Figure 5 illustrates the effects of 
plasticizer content and method of 
molding on diameteric change of 


cellulose acetate. 
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Tentative Methods of Test for Re- 
sistance of Plastics to Accelerated 
Service Conditions (D 756 — 44 T)? 


Aniline Formaldehyde 
Alkyd -Styrene Copolymer 
Viny! Chloride Acetate 
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General Purpose Methacrylate 
Mica Filled Phenolic 
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Polyethylene 
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Polydich/orostyrene 
Mica Filled Phenolic 


nolic 


Figure 
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Fic. 4.—Diametric Change of Molded Plastics. 
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+0.008 
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compares diametric 


change weight change. 

Figure 7 gives a comparison be- 
tween the method used in this study 
and Procedure I of the A.S.T.M. 


Disks 3 in. Dia, in. Thick 


and Federal Specification L-P-406. 
discussions 


The data provoke 


21944 Book of A.S.T.M. Standards, Part III, 


p. 1663. 
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which may be of interest to the ma- 
terials engineer. For example, the 
generally poor performance of some 
of the thin sheetings as compared to 
molding compounds of the same 
chemical type is striking. These 
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among technicians that the softer 
compounds are the less stable dimen- 
sionally. The quantitative expres- 
sion (Fig. 5) of this generalization 
brings up the question of what 
actually happens during repeated 


Curve /__ 
A 
TN 
2 
a 
4 After 7hr. at 160 F. 
e After /6hr. at 90 per cent 
\ ~ Relative Humidity, /20 F. 
c 
0.120 
Curve | - /0 per cent Plasticized 
0.130 }— Acetates 
Curve 2-20 per cent Plasticized 
Acetates 
70.140 |}— Curve 3-30 per cent Plasticized 
Acetates 
-0.150 }-— Transfer Molding — ~ 
---— Compression Molding 
4 
0.170 
Ps 0 5 © 1 2 2 30 35 40 


Cycles 


Fic. 5.—Diametric Change of 10, 20, and 30 per cent Plasticized Acetates. 


laboratory results have been sub- 
stantiated by actual experience. It 
is apparent that the methods of 
making thin sheeting produce inter- 
nal stresses which restrict the use of 
such materials in precision applica- 
tions. 

In the plasticized cellulosic com- 
pounds it is common knowledge 


cycles of humidifying and drying. 
That it is not due to plasticizer loss 
is apparent in Fig. 6 where high 
diametric shrinkage is accompanied 
by negligible loss of plasticizer. 
Further explanation is found in 
the fact that in many of the com- 
pounds the decrease of diameter 
with repeated cycling is accom- 
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panied by an increase in thickness. 
A few typical data are as follows: 


Thicknesses Before 
and After 47 Cycles, 
in. 


Before After 

Hard....| 0.127 0.165 

Cellulose acetate} 0.124 | 0.178 
Ethyl cellulose............ 0.125 


Cellulose acetate butyrate. 
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the fact that thorough drying of the 
thickened specimens to remove any 
accumulated moisture results in 
practically no decrease in thickness, 
Inasmuch as most dimensional 
troubles in actual service are due to 
linear shrinkage, the increase in 
thickness is usually of little help. 
The phenomenon of self cold-flowing 
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0.060 4H-/vor 
Curve 2- Ce/lulose Acetote 
0.065 4H-Black \ 
Curve 3- Cellulose Acetate 
0.070 Butyrate 
0.075 | 
0 Curve 3 4 
St Curve? 
9-1.0 = 
- 7) 

co 

5 =-3.0 
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These data suggest a “cold flowing” 
of the body of the disks as a result of 
forces exerted by contraction of the 
periphery. That this is a permanent 
plastic deformation is illustrated by 


Fic. 6.—Diametric and Weight Changes. | 


does not occur in the thermosetting 
compounds to an appreciable extent. 

In choosing atmospheric condi- 
tioning procedures for dimensional 
stability studies, one must differen- 
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tiate between those which evaluate 
materials for general use and those 
which are founded upon some unique 
service condition. The conditions 
used for this study are based on the 
first premise and are on the mild 
side with respect, for example, to 
outdeer conditions encountered by 
the military services. However, the 


except for very soft or temperature- 
sensitive materials where excessive 
warping tends to invalidate the test. 
A comparison of the two methods is 
shown on Fig. 7. It is interesting to 
note that both methods rate these 
cellulosic materials in the same 
order of preference from the stand- 
point of dimensional stability. 


0 
| 
Cellulose Acetate butyrate: -ASTM 
o S Ce/ulose -ASTM 

-0.010 
70.012 
Zp 
-0.014 
© 0.016 

0.018 

0 2 3 4 5 6 

Cycles 


Fic. 7.—Diametric Change, Comparison of Methods. 


technician must keep in mind that in 
common with most empirical testing 
we lose validity rapidly as we hasten 
results by extreme testing condi- 
tions. Speaking generally, it is de- 
sirable to qualify materials on data 
which are discreet and valid, and 
leave to the apparatus testing pro- 
cedures the problem of determining 
performance at very unusual service 
conditions. 

The more recently adopted Pro- 
cedure I of A.S.T.M. Methods D 756 
and Federal Specification L-P-406 is 
similar to the procedure used herein 
except somewhat more severe (24 
hr. at"140 F. over sodium sulfate 
solution followed by 24 hr. at 140 F. 
dry). Procedure I, notwithstanding 
its sev erity, is generally acceptable 


In the practical application of 
plastics one must keep in mind that 
whereas the effect of humidity and 
mild elevated temperatures, whether 
used jointly or severally, is one in- 
volving at worst only a few mils per 
inch (15 would be an extreme case) 
the effect of the higher temperatures 
involving stress release is relatively 
violent. As an example, the vinyl 
chloride acetate sheeting (Fig. 3) 
appears to be superior to the ethyl 
cellulose. However, the sheet ma- 
terinls were dried in the cycling test 
at 120 F. instead of at 160 F. be- 
cause the vinyl sheeting became 
egg-shaped at 160 F., and even at 
140 F. The ethyl cellulose re- 
mained substantially circular up to 
temperatures of over 250 F. 
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It is not the intention of the fore- 
going to present final engineering 
data on the materials tested nor to 
pass on their relative merits for any 
particular application. It is, how- 
ever, intended to emphasize that 
dimensional stability depends on 
manufacturing processes as well as 
on materials. The choice of cycling 
procedures, limiting values of per- 
missible dimensional change, etc., 


are determined by the particular 
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apparatus in mind, and where it is to 
be used. In addition, many plastics 
are available in a wide variety of 
types permitting the materials engi- 
neer substantial latitude. 


Acknowledgment: 


The author wishes to thank 
George H. Williams, Anne 8. Wru- 
bel, and others of the Laboratories’ 
staff who rendered valuable assist- 
ance in this work. 


> 
rhe 
Ser 
tais 
Un 


to 

ics 
gi- THE EFFECT OF SPECIMEN SHAPE ON THE COMPRESSIVE ' 


STRENGTH PROPERTIES OF LATERALLY SUPPORTED 
PLYWOOD SPECIMENS* 


nk J. A. Lisxa? 
: 


Synopsis 
st  ‘ieenaheped specimens have commonly been used for compression tests 


of wood and plywood, but hourglass-shaped specimens have been considered 
as possibly giving more reliable results because of improved end conditions 

and type of failure. This report presents the results of two series of tests 
performed at the Forest Products Laboratory to compare two forms of hour- 
glass specimens (designated as types A and B) with prism-shaped specimens 
(designated as type C). In the principal series of tests, the specimens were 
all prepared in the normal manner with smooth ends, but the second series 
was designed to afford a comparison of the prism-shaped specimens (type C) 
with the hourglass specimens (type B) when the specimens were made with 
deliberately chipped and frayed ends, such as might be produced by poor 


fabrication. 
The analysis of tests made on 200 specimens of two species and three ply- 
wood thicknesses and constructions, indicated that despite a difference in the - 


mode of failure, the physical properties of the well-prepared prisms were in 
good agreement with those obtained on the two forms of hourglass speci- 
mens, and were slightly higher when small differences were noted. When 
the faces of the specimens were chipped and torn by improper preparation, 
the prism-shaped specimen (type C) showed a definite reduction in com- 
pressive strength as compared to well-prepared specimens of the same type 
and to those of the hourglass (type B) form. Little, if any, difference, how- - : 
ever, in fiber stress at proportional limit or modulus of elasticity was ob- 
served between the poorly fabricated prisms and hourglass-shaped specimens 


(type B). 
In the preparation of prism-type compression specimens, care should be . 
used in fabrication to insure smooth end surfaces. When specimens are : 
carefully prepared, the results of this study show that the prism-type speci- 
mens (type C) afford satisfactory test results. 
PURPOSE thin plywood, as described in 
The prism-shaped laterally sup- A.S.T.M. Tentative Methods of 
ported plywood compression spec- Testing Veneer, Plywood, and Other 
imens used to determine the com- Wood and Wood-Base Materials 


pressive strength properties of (D 805-44 T),? generally show a i 


* Also published in ASTM Butietin, No. 133, tendency t fail by buckling on the 


ngineer, Forest Products Laboratory, Forest 

Service, U. S. Department of Agriculture, main- 21944 Book of A.S.T.M. Standards, Part II, 
tained at Madison, Wis., in cooperation with the p. 1453. - __— 

University of Wisconsin. 
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short length that must necessarily 
extend beyond the lateral supports. 
In addition, they require good 
fabrication to avoid chipped and 
frayed ends. The purpose of this 
investigation was, therefore, two- 
fold: (1) to compare the strength 
properties of the prism form of 
specimen (type C) with those of two 
forms of hourglass specimens (types 
A and B) (Fig. 1) to determine 
whether or not the mode of failure 
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specimens for each of two species 
and three plywood thicknesses of 
each species, all prepared in the 
normal manner with smooth end 
surfaces. Comparable data are also 
included based on tests of types B 
and C specimens of one plywood 
species and thickness, poorly sawn 
with the resultant frayed ends. 


DESCRIPTION OF MATERIAL 
Six 24 by 24-in. plywood panels, 
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was also reflected in the strength 
properties obtained from the differ- 
ent forms of specimens when all 
specimens were well fabricated; 
and (2) to compare the properties 
obtained from type B and type C 
specimens when the ends were de 
liberately chipped and frayed, as 
might be produced by poor fabrica- 
tion. 


ScoPE 


The data presented show com- 
parative results based on tests made 
on the three different types of 


| 
TYPE A TYPE B TYPE C 


Fic. 1.—Design Details of Laterally Supported Plywood Compression Specimens. 


bonded with Tego film glue (one of 
each of three thicknesses—0.070, 
0.125, and 0.250 in.—and of each of 
two species—yellow birch and yel- 
low-poplar), were made up from 
veneers meeting the requirements of 
and according to the procedures of 
Army-Navy Aeronautical Specifica- 
tion Plywood and Veneer;  Air- 
craft Flat Panel, AN-NN-P-511b. 


MATCHING AND MARKING 


Each of the six plywood panels 
was sawn to obtain a set of speci- 
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cl TABLE _I.—COMPARATIVE STRENGTH 
h a set. The specimens of a given LATERALLY SUPPORTED PLYWOOD 
the set were cut out side by side across COMPRESSION SPECIMENS. 
end the grain of the face plies, with the - 8 
also grain of the face plies parallel to the . r 4 
sB length of the specimen, and the 8 a 
ood three sets were end matched. The 2. | 
awn specimens were numbered consecu- ss | | 3 
tiv ely from 1 to 10, and $2 
of a given Species and thickness an Ye Brrcn 0.070-1n. Piywoop 
the same specimen number were | 9080 4820 1 440.000 
’ directly end matched. The hour ena | 7.8 | 5820 | 4190 | 1360000 
glass specimens (types A and B) B Max....... | 8.8 | 6010 | 4780 | 1360000 
were cut to shape (Fig. 1) using a a 8.2 | 5860 | 4030 | 1310000 
i i i j rer- C Max....... 8.5 | 6390 | 4040 | 1540000 
template conjunction with 7.8 | 5630 | 3460 | 1 190 000 
tical-spindle woodworking shaper. 8.2 | 6070 | 3790 | 1400000 
In addition, two sets of specimens 0.125-1n. Taree-Pty Puywoop 
f .125-in. 8.7 | 6130 | 3930 | 1390000 
ae prepared from the 0.125-in Peidiccess 8.2 | 5560 | 3340 | 1270000 
birch plywood to study the effect Avg........ 8.5 | 5880 | 3630 | 1320000 
: B Max....... 8.6 | 5920 | 4660 | 1460000 
of torn ends on the specimen proper- Min........ | 8.2 | 5480 | 3200 | 1 270 000 
ties. After preparation, all speci- Be icices 8.4 | 5690 | 3770 | 1340000 
ws C Max....... 8.4 | 6590 | 4700 | 1400000 
mens were conditioned to constant Wiecnescs | 7.8 | 5960 | 3710 | 1310000 
weight in a room maintained at 75 F. 
and 64 per cent relative humidity Ye.iow Brrca 0.250-1n. Five-Pty Puywoop 
A Max....... 8.6 | 5620 | 3460 | 1 250000 
Sissons 8.3 | 6190 | 2900 | 1 100000 
8.4 | 5370 | 3190 | 1180000 
B Max....... 8.9 | 5580 | 3360 | 1300000 
Metuop or Min........ | 8.1 | 5270 | 2740 | 1180000 
‘ 8.5 | 5430 | 3080 | 1230000 
The individual specimens were C Max....... | 8-2 | $860 | 3720 | 1330000 
weighed and measured and then Avg........| 8.0 | 5440 | 3370 | 1260000 
tested in accordance with the pro- 0.070-1n. Toree-PLy PLywoop 
cedure outlined in A.S.T.M. Meth- K Max......- 7.7 | 6020 | 4180 | 1320000 
ods D 805 for compression tests on | Sap | | 
' material 2 in. in thickness. The B Max....... | 8.3 4520 | 4490 | 1310 000 
sts were conducted in a room in a ‘1_| 4980 | 3970 | 1170000 
an test ducted A 8 | 3 
O70, hi . Cc Max....... 8.8 | 6220 | 4350 | 1330000 
ch of which the temperature and humid- Min........ | 7.3 | 4530 | 3380 | 1 190000 
~ ity were controlled to 75 F. and 64 Avg........ 7.6 | 4900 | 3840 | 1260000 
per cent relative humidity, respec- YELLow-Popuar 0.125-1n. THREE-PLY PLywoop 
ive : A Max....... 8.3 | 3780 | 2450 | 910000 
tsof | Uvely. The type of failure for each Min........ | 7.2 | 3250 | 2090 | 740000 
type of specimen was noted, and the Ave 7.9 000 
es 8.2 3950 | 270 995 000 
“Fea complete specimen was then used Min. siete | 7.8 | 3160 | 2080 | 730 000 
Air- r a determination of moisture con C Max....... "7-7 | 3870 | 2770 | 965000 
tent. 7 Min........ 7.4 | 3340 | 1890 | 810000 
1b. | 7.6 | 3590 | 2280 | 880000 
YELLOW-PopiaR 0.250-1n. Firve-Pty Piywoop 
A Max....... 7.7 | 3640 | 2880 910000 
| PRESENTATION OF DATA Mines | Sito | iso | 765 000 
anels The summation of comparative B Max....... 7-9 | 3520 | 2570 | 916000 
speci- strength properties of the various es “ 7/8 2900 | 2050 | 810 000 
specimen types for all plywood C | | | 
thicknesses of both species is pre- Avg....... | 7.2 2470 | 2190 | 855000 
p p 
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sented’in'Table I. Included therein 
are the moisture content values 
for the test specimens, which afford 
an indication of the uniformity of 
the conditioning treatment and 
permit proper evaluation of the 
strength results, since each of these 
varies with moisture content. The 
strength properties at ultimate and 
proportional limit and the modulus 
of elasticity values for each specimen 
group are tabulated. 


Specific gravity values based on 
volume at test and weight when 
oven-dry indicated that the ply- 
wood of a given thickness was fairly 
uniform in density. The birch ply- 
wood averaged 0.68, 0.68, and 0.65 
and the yellow poplar plywood 0.54, 
0.46, and 0.43 for the 0.070-, 0.125-, 
and 0.250-in. plywood thicknesses, 
respectively. 


TABLE II.—COMPARATIVE COMPRES- 
SIVE STRENGTH PROPERTIES OF 
POORLY FABRICATED, PRISM-SHAPED 


SPECIMENS AND HOURGLASS-SHAPED 

SPECIMENS LATERALLY SUPPORTED. 

SPECIMENS WERE !/;-IN. YELLOW BIRCH 
PLYWOOD. 


a 
Ss | | gs 
3 “oe 9.3 | 5840 | 4570 | 1410000 
ERE 8.6 | 5380 | 3660 | 1160000 
po" 9.0 | 5620 | 4030 | 1280000 
of See 8.7 | 5360 | 4510 | 1350000 
Se 8.3 | 4890 | 3490 | 1180000 
a 8.6 | 5180 | 4060 1280000 


Table II presents a similar tabu- 
lation of data for the supplementary 
test series to show the effect of 
frayed ends on test results. 


Typical specimens are shown in 
Figs. 2 and 3. Figure 2 shows 
typical failures for each of the 
specimen types, and Fig. 3 permits a 
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endconditions. 


ANALYSIS OF RESULTS 


Since the material was conditioned 
and tested in a room in which the 
temperature and humidity were 
controlled, the moisture content 
variation within a species thickness 
group was, in general, small; and, 
since an adjustment of strength 
values for moisture content differ- 
ences of 4 per cent or less is not 
justified, the actual test results may 
be compared without material error. 


The variation of the values 
of average ultimate compressive 
strength and modulus of elasticity 
within each species thickness group 
was, in most instances, 5 per cent or 
less, and the maximum variation 
was 9 per cent. Although the pro- 
portional limit values are normally 
more variable and a somewhat 
greater spread in results was antici- 
pated, the maximum variation was 
12 per cent, and it was generally 
closer to half of that value. In the 
majority of tests, the prism-shaped 
specimens gave the highest average 
results for both compressive strength 
and modulus of elasticity, although, 
as previously mentioned, the differ- 
ences were not large. It is believed 
that the modulus of elasticity values 
were less for the hourglass specimens 
because of the restraining action of 
the added material. In the use of 
such specimens, it appears necessary 
to use a somewhat longer specimen 
or shorter gage length compressom- 
eter to eliminate this effect. 

The close agreement of results 
was obtained despite marked differ- 
ences in type of failure, as shown in 
Fig. 2. The prism-shaped specimen 
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(type C) in the 0.070- and 0.125-in. 
plywood thicknesses failed more 
than 90 per cent of the time by 
buckling in the short length of 
specimen above the lateral supports. 
In the 0.250-in. plywood, this type 


provide an indication of results ob- 
tained from improperly prepared 
specimens having chipped and torn 
ends. These data are based on 
tests of 0.125-in. yellow birch ply- 
wood and may be compared with the 
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Fic. 2.—Typical Failures Obtained on Three Types of Laterally Supported Plywood 
Compression Specimens of Two Species and Three Thicknes:es. 


Type A, left; type B, center; type C, right. 


of failure occurred in approximately 
half of the cases. The failures in 
the hourglass specimens (types A 
and B) were, in practically all in- 
stances, normal compression failures 
(shear type) occurring in the net 
section of the specimen. 

The data presented in Table II 


results secured on well-prepared 
specimens given in Table I. Both 
specimen types in this series show 
only slight changes for values of 
fiber stress at proportional limit and 
modulus of elasticity as compared 
with the values in Table I. The 
prism-shaped specimen (type C), 
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however, shows a 10 per cent de- 
crease in ultimate compressive 
strength; whereas this decrease is 
only slight for the type-B speci- 
mens. It is apparent, therefore, 
that specimens must be properly 


i, 


it was decided to determine whether 
or not these differences were signifi- 
cant. Therefore, a statistical analy- 
sis was made on the data to obtain 
results on significant differences be- 
tween specimen-type means for each 


Fic. 3.—Example of Good and Bad Methods of Specimen Preparation, Showing the 
Chipped and Frayed Ends Which Result on Type B (top, left) and Type C (bottom, 
left) Specimens When Insufficient Care Is Taken In Their Fabrication. 


prepared to secure good test results. 
Since the type C specimen is much 
easier to prepare, it is the most sim- 
ple to use for this type of test, pro- 
vided that proper consideration is 
given to secure satisfactory speci- 
mens. 

Although the differences in mean 
values obtained for the various 
physical properties from each of the 
specimen types within a species- 
thickness group were usually small, 


property in each species-thickness 
group, and a summary of this analy- 
sis is included in Table III of the 
Appendix. In general, the analysis 
indicated that the mean compres- 
sive stress obtained on type C speci- 
mens was significantly greater than 
that obtained on specimens of either 
type A, type B, or both at the 1 per 
cent level for the 0.070- and 0.125- 
in. plywood of both species. Like- 
wise, the mean values of the modu- 
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TABLE III—SUMMARY OF SIGNIFICANT DIFFERENCES BETWEEN SPECIMEN TYPE 
MEANS FOR THE STRENGTH PROPERTIES OF PRISM-SHAPED YPE C) AND HOUR- 
GLASS (TYPES A AND B) LATERALLY SUPPORTED PLYWOOD COMPRESSION SPECIMENS. 


Plywood | Specimen | 
Species |Thickness, in. Type Significant Difference 
MaximMuM ComPRESsIVE STRESS 
0.070 : a significant difference between A and B 
Cc Significantly greater than A and B at 1 per cent level" 
Yellow birch.... 0.125 $ Significantly greater than B at 5 per cent level 
Cc Significantly greater than A and B at 1 per cent level 
0.250 A No significant difference 
B No significant difference 
Cc No significant difference 
Stress AT PROPORTIONAL LimIT 
0.070 A ae greater than C at 5 per cent level (but not 
than 
= No significant difference between B and C 
Yellow birch....| 0.125 A No significant difference between AandB == 
? Cc Significantly greater than B at 5 per cent level—signifi- 
cantly greater than A at 1 per cent level 
0.250 ‘ No significant difference between A and B 
Cc Significantly greater than B at 5 per cent level (but not 
| than A 
Mopvuuuvs or Evasticity 
0.070 : No significant difference between A and B 
Cc Significantly greater than B at 1 per cent level (but not 
Yellow birch.... 0.125 A No significant difference 
B No significant difference 
| B No significant difference between B and C 
Cc \C and B are significantly greater than A at 1 per cent leve 
Maximum ComMPRESSIVE STRESS 
B No significant difference between B and C 
| Cc C and B are significantly greater than A at - per cent level 
Yellow-poplar.. .| 0.125 : No significant difference between A and B 
Cc Significantly greater than A at 5 per cent level (but not 
| than B) 
0.250 A No significant difference 
} B No significant difference 
Cc No significant difference 
Freer Stress AT PROPORTIONAL LIMIT 
0.070 | A |No significant difference between A and C 
| | B Significantly greater than A at 5 per cent level (but not 
Yellow-poplar-. .' 0.125 A No significant difference 
B No significant difference 
Cc No significant difference 
0.250 A No significant difference 
| B No significant difference 
| Cc significant difference 
Mopu.us oF Evasticity 
0.070 } \No significant difference between A and B 
ec \significantiy greater than A at 5 per cent level—signifi- 


cantly greater than B at 1 per cent level 


Yellow-poplar... 0.125 ‘ 'No significant difference between A and B 
Cc \Significantly greater than B at 5 per cent level—signifi- 
cantly greater than A at 1 per cent level 
0.250 | ‘ No significant difference between A and B 
Cc Significantly greater than A at 5 per cent level—signifi- 


cantly greater than B at 1 per cent level 


Frayep-Enp SPECIMENS 


0.125 Bb Significantly greater than C at 1 per cent level (maximum 
. compressive stress) 
Yellow birch.... 0.125 B No significant difference between B and C (fiber stress at 
proportional limit) 
0.125 B No significant difference between B and C (modulus of 
elasticity) 
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lus of elasticity for type C were 
significantly greater than those for 
the other two types. More varia- 
tion was encountered in the analysis 
of the values of proportional limit 
stress because of the personal equa- 
tion involved in their evaluation. 
It was apparent, however, that 
when the specimen ends were frayed, 
the maximum crushing strength for 
the type B specimens was signifi- 
cantly greater than that for speci- 
mens of type C. 


CONCLUSIONS 


Although the characteristic mode 
of failure of the prism-shaped speci- 
men (type C) differed from that of 
the hourglass specimens (types A 
and B), the results of this program 
indicated that these three types of 
laterally supported plywood com- 
pression specimens give essentially 


AA 4 
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the same results, with the prism- 
shaped specimens (type C) giving 
the slightly higher values. This 
assumes that the specimens are 


_ carefully prepared so that their ends 


are smooth, parallel to each other, 
and perpendicular to their lengths. 

If the specimens have poorly cut 
ends and the plywood faces are torn, 
the prism-shaped specimen (type C) 
will give markedly lower: ultimate 
compressive strength values. The 
hourglass specimens (type B) are 
more satisfactory if this condition 
exists. 

When specimens are carefully 
prepared, the prism-shaped_speci- 
mens (type C) afford satisfactory 
test results, and because of its shape, 
it is the most simple one to use for 
this type of test.. In its preparation 
proper care should be exercised to 
insure smooth end surfaces. 


The results of a statistical analysis of the 
test results on the three types of specimens 
of each of the two species are given in 
Table III. This table presents a summary 
of the significant differences between 
specimen type means for the strength prop- 
erties of the prism-shaped (type C) and 
hourglass (types A and B) laterally sup- 
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ported plywood compression specimens. 
It also gives significant differences for the 
test results obtained on frayed end speci- 
mens of types B and C. Although the 
analysis may be slightly clouded because 
the selection of specimens was not truly 
randomized, it is believed that the conclu- 
sions based on the analysis are pertinent. 
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Resistance to wear is one of the most 
important functional properties of walk- 
way materials and is the most difficult 
to evaluate by laboratory methods. 
The authors have attempted to develop 
a laboratory machine and method with 
the view that rapid and duplicable 
determination of wear resistance will be 
of great commercial and scientific value 
and will lead to the development of 
more durable walkway materials. 

Wear resistance may be defined as the 
ability of a material to resist the pro- 
gressive wearing away of its exposed 
surface by rubbing action. Machines 
incorporating various mechanical ac- 
tions to produce wear have yielded 
satisfactory results and are currently 
in use on certain phases of the problem 
of wear resistance. In general, how- 
ever, it has been difficult to build equip- 
ment which would give satisfactory 
comparative data for the evaluation of 
materials of different composition. 

The principal difficulty in the de- 
velopment of a suitable machine lies 
in the fact that wear is not caused by 
one factor, but is the effect of many 
variable factors such as impact, sliding, 
scuffing, and rubbing, all in the presence 
of an abrasive. The problem of wear 
becomes even more involved when it is 
noted that some of these factors may 


_,_ Also published in ASTM Butietrn, No. 132, January, 


1945, p. 25. 

The opinions or assertions contained herein are the 
Private ones of the writers and are not to be construed as 
thcial or reflecting the views of the Navy Department or 
the Naval Service at large. 

_ * Materials Engineers, Material Lab., U. S. Navy Yard, 
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absent in another. It is evident, there- 
fore, that wear resistance is a complex 
property and varies according to the 
particular service to which a material 
is subjected. Any machine which at- 
tempts to measure indiscriminately the 
wear resistance of all kinds of materials 
subjected to all conditions of wear is 
based on the premise that wear resistance 
is independent of the factors involved. 
This is an erroneous supposition and 
can only lead to false conclusions. 

In view of the foregoing, the authors — 
have limited themselves to the develop- 
ment of a machine which will be pri- 
marily a wear test machine for determin- 


be present in one case and —— 


ing the resistance of walkway materials 


to wear. Of course, as frequently 
happens, apparatus developed for one 
purpose can be and is successfully used 
for related work, and it is neither the 
intention nor the desire of the authors — 
to restrict the application of this ap- 
paratus. However, as has been indi- 
cated earlier in this paper, it is not. 
considered that the solution of the wear 
resistance problem is limited to one— 
method or one type of apparatus. The 
applicability of the authors’ machine is 
entirely dependent on the similarity of 
the factors influencing wear with those 
which were investigated during the devel-— 
opment of the machine described herein. 
The first step in the development of a_ 
suitable apparatus was, by necessity, a 
rational analysis of the conditions of 
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walkway materials. As it was recog- 
q 


nized that wear resistance was a complex 
property and would have to be investi- 


’ gated for the specific condition in mind, 
a study of the wear of walkway mate- 
rials was made. The presence of the 
q following basic factors was found to be 
essential for a satisfactory solution of 
the problem. 

1. Sliding of the test surface against 
a4 another surface. 

2. Impact of the test surface with 
another surface. 

3. Continual reversal of direction of 
motion between test surface and an- 
other surface. 

4. The presence of abrasive particles 
between the test surface and another 
surface. 

5. Random motion of the abrasive 
particles. 

The above factors having been estab- 
lished, the analysis of the problem 
could now be continued to its conclusion. 
However, although the rational analysis 
outlined above may have been extended 
further to include quantitative criteria 
limiting the above factors, it was con- 
sidered that a continuation of the anal- 
ysis on an empirical rather than a 
rational basis would be more desirable, 
particularly from the viewpoint of 
machine design and expedience. On 
the basis of preliminary experiment and 
test data, it was therefore decided that 
the factors enumerated above should 
be modified as follows: 

(a) The surface against which the 
test material moves should be of steel. 

(b) The specimen should be dropped 
through a distance of 7g in. to effect the 
impact. 

(c) The abrasive particles should be 
of the same material and grit size. 

(d) The abrasive particles should be 
continually replaced at a constant rate. 

(e) The abrasive particles should be 
_ cleaned and screened before being used. 
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(f) The specimen test area should be B 
a 2 by 3-in. rectangle. 
(g) The total load on the specimen 
should be 10 Ib. = 
C 


1.—Wear Test Machine. 


Fic. 


(h) The relative velocity between the 
test material and surface should be 
reasonably low to avoid heating effects. 


APPARATUS 
The abrasive wear test machine as 
illustrated by Figs. 1 and 2 consists 
of the following parts: 
A = Abrasion disk, mild steel, 14% in. 
in diameter and 3 in. thick, 
revolved clockwise at a constant 
speed of 23.5 rpm. 
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B = Specimen holder, 2 by 4 in., at- 
tached to a 3-in. diameter shaft 
by means of a universal coupling. 
A specimen of the material un- 
der test is secured in the speci- 
men holder by means of clamps 
at each end of the holder. The 
holder revolves clockwise at a 
constant speed of 32.5 rpm. 

Cam follower attached to the 

specimen holder shaft by means 

of set-screws. In each 3 revolu- 


C= 


shaft, the specimen is momen- 
tarily lifted a distance of 7¢ in. 
and dropped back on disk A 
under a 10-lb. weight, as the 
cam follower rides on a_ hard- 
ened tool steel cam. Change 
in the lift due to wear of the 
specimen is compensated by 


adjustment of the cam follower 
at regular intervals, so that the 


lift is maintained at a practically 
constant distance. 
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D = Weight, 10 lb. acting on specimen. 
E = Distributor for abrasive grits, as 
shown in detail by Figs. 4 and 5, 
consists of the following parts: 
_ a = Grit distributor sprocket. 
b = Grit distributor casing. 
c = Diaphragm perforated with 
eight diameter holes, 
_ centered on a 13-in. diam- 
eter pitch circle. 
d = Grit conveying tube and agi- 
tator. 


The grit flows by gravity from 
the hopper F through a #3-in. 
inside diameter conveying tube 
into the center of the distribution 
chamber. The agitator feeds the 
grit from the center of the distribu- 
tion chamber outward to the holes 
in the perforated diaphragm. The 
grit then falls through the holes 
to disk A in the path of the test 
specimen, at a rate of approxi- 
mately 44 g. per minute. It is 
notable that the grit conveying 


|| 
| 
| 
= 
rem 
0 
‘tan 
Fic. 2.—Detail View of Wear Test Machine. 1 
| 


946 CizEK, KALLAS, 


tube and agitator are stationary, 
and the grit distributor casing is 
pentose by sprocket d at a con- 
stant speed of 9 rpm. 
_F = Hopper for feeding abrasive grit. 
Bevel drive gear. 
' H = Predetermining revolution counter 
and switch. 
3-hp. compound wound d-c. motor. 
Hopper for collecting used abrasive 
grit. 
. = Steel frame. 


Fic. 3.—Detail of Cam and Specimen Holder. 


_ The abrasive grit consists of No. 80 


aluminum oxide, which is washed, dried, 
and screened before being placed into 
the hopper F. The size of the test 
specimen is 2 by 3 in., and the thickness 


and other details vary according to 7 
materials, as follows: 

(a) Wood and mastic walkway mate- 
rials.—Specimen 3 in. thick attached 
to a 2 by 4 by §-in. thick steel plate, 
leaving 3 in. of sinte exposed at each 
end. 

(b) Light-weight walkway materials. 
—The coating is troweled or sprayed 
to a thickness of approximately 3 in. 
on a 2 by 3-in. raised portion of a 2 by 
4 by }-in. thick steel plate, leaving 3 in. 
of plate exposed at each end. 


(c) Linoleum.—The linoleum is at- 
tached with linoleum cement to a 2 by 
3-in. raised portion of a 2 by 4 by {-in. 
thick steel plate leaving } in. of plate 
exposed at each end. 
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The specimen is clamped to the 3-in. 


wide exposed surface of the specimen 
holder B which is connected to the 3-in. 
diameter shaft by means of the universal 
coupling L (see Fig. 3). 
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Teak wood. 

Battleship linoleum (Navy Dept. Spec. — 
LLL-L-351a). 

Light-weight walkway material (Navy 
Dept. Spec. 52D9). 


d 


Disassembled Distributor of Abrasive Grit. — 


METHOD OF TEST 


Tests were made in the above machine 
to determine the rate of wear on 20 speci- 
mens of each of the following walkway 
materials, obtained from Naval stores: 


Note.—The light-weight walkway mate- 
rial consists primarily of a resinous vehicle 
with pigments and a considerable proportion 
of fine abrasive particles employed to give 
the coating anti-slip and wear-resistant 
properties. The material is furnished in 
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consistencies suitable for application either 
by troweling or by spraying. 


The wear was determined by measur- 
ing the difference in thickness of the 
specimen before and after a given num- 
ber of revolutions of disk A on the wear 
test machine. The teak wood and 
linoleum were tested for a total of 1500 
revolutions, thickness measurements be- 
ing taken after each 500 revolutions. 


TABLE I.—TEAK WOOD. 


Specimen | Wear, in. 


500 to 
500 1000 1500 


Number of revolutions 


First Operator | No. 1 : , 
| No. 2 0.0379 0.0395 | 0.0388 
No. 3 | 0.0381 | 0.0368 | 0.0402 
| No. 4 | 0.0407 | 0.0410 | 0.0393 
Second Operator. | No. 5 | 0.0397 | 0.0448 | 0.0454 
No. 6 | 0.0409 | 0.0435 | 0.0415 
No. 7 | 0.0420 | 0.0416 | 0.0439 
No. 8 0.0428 | 0.0359 | 0.0364 
Third Operator....| No. 9 | 0.0407 | 0.0412 | 0.0430 
| No. 10 | 0.0376 | 0.0340 | 0.0322 
No. 11 | 0.0403 | 0.0392 | 0.0399 
No. 12 | 0.0443 | 0.0456 | 0.0446 
Fourth Operator...| No. 13 | 0.0426 0.0439 | 0.0436 
No. 14 0.0505 | 0.0511 | 0.0500 
No. 15 | 0.0350 | 0.0355 | 0.0342 
No. 16 | 0.0519 | 0.0515 | 0.0471 
Fifth Operator...... No. 17 | 0.0450 | 0.0445 | 0.0450 
hie No. 18 | 0.0433 | 0.0450 | 0.0448 
No. 19 | 0.0425 | 0.0431 | 0.0449 
No. 20 | 0.0519 | 0.0507 0.0531 
General! average | 0.0425 | 0. 0425 0.0425 
Average total amount of wear 0.1275 
Standard deviation | 0.0044 | 0.0049 | 0.0049 
Final average® 0.0417 | 0.0426 0.0429 
Final average total amount of wear 0.1272 
Maximum... | 0.0519 | 0.0515 | 0.0531 
Minimum... 0.0350 | 0.0340 | 0.0322 


Number of readings omitted by means of the first stand- 
ard deviation to determine the final average 
| 6 7 | 5 


e F inal average se determined by elimination of high and 
low readings with first standard deviation. 


The light-weight walkway material was 
tested for a total of 100 revolutions, 


thickness measurements being taken 
after each 25 revolutions. The thick- 


ness of the specimens tested was taken 
as the average of 12 measurements made 
by means of a dial thickness gage at 
locations on a template used for all 
specimens. Tests were made only on 
the materials ‘‘as received,” that is, 
without exposure to any conditions of 
aging and with specimen and disk in a 
dry condition. In order to take account 
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of personal element in conducting the 
tests, each of five individuals tested a 
separate lot of four specimens of each 
type of walkway material. 


RESULTS OF TEST 


The results of test are given in Tables 
I, II, and III, and the plotted averages 
are shown in Figs. 6 and 7. 


TABLE II.—LINOLEUM. 


Specimen | Wear, in. 
Number of revolutions........ Oto | 500to 1000 to 
500 1000 1500 
First Operator...... No. 1 | 0.0073 | 0.0041 0.0073 
No. 2 | 0.0074 | 0.0055 0.0000 
No. 3 0.0058 | 0.0065 | 0.0049 
No. 4 0.0061 0.0065 0.0045 
Second Operator...| No. 5 | 0.0121 | 0.0068 | 0.0022 
| No. 6 | 0.0018 | 0.0098 | 0.0067 
No. 7 | 0.0064 | 0.0051 | 0.0048 
No. 8 | 0.0062 | 0.0058 | 0.0050 
Third Operator....| No. 9 | 0.0106 | 0.0076 | 0.0059 
No. 10 | 0.0053 | 0.0051 | 0.0061 
No. 11 0.0063 | 0.0050 | 0.0034 
| No, 12 0.0060 | 0.0059 0.0008 
Fourth Operator...; No. 13 | 0.0075 | 0.0044 | 0.0035 
No. 14 | 0.0081 0.0054 | 0.0046 
No. 15 0.0029 | 0.0069 , 0.0049 
No. 16 0.0020 | 0.0060 | 0.0050 
Fifth Operator... No. 17 | 0.0041 | 0.0044 | 0.0065 
No. 18 0.0069 , 0.0041 | 0.0046 
No. 19 0.0075 | 0.0059 | 0.0053 
No. 20 | 0.0060 0.0064 | 0.0052 
| 
General] average... 0.0063 | 0.0059 | 0.0049 
Average total amount of wear 0.0171 
Standard deviation 0.0024 | 0.0013 | 0.0014 
Final average* 0.0065 | 0.0059 0.0052 
Final average total amount of wear. 0.0176 
Maximum 0.0121 | 0.0096 | 0.0073 
Minimum 0.0018 | 0.0041 | 0.0022 


Number of readings omitted by means of the first 
standard deviation to determine the final average 
5 | 6 | 5 


s Final av verage determined by elimination of highYand 
low readings with first standard deviation. 


CONCLUSIONS 


The ii of tests as outlined in 
Tables I, II, and III for the resistance 
to wear of teak wood, linoleum and 
light-weight walkway material indicate 
that although the rate of wear varies 
in the same specimen as well as between 
specimens of any of the materials tested, 
the percentage of total observations 
lying within given ranges compares 
favorably with the theoretical estimated 
percentages specified by the A.S.T.M/ 


24.S.1.M. Manual on Presentation of Data, August, 
1940. (Issued as separate publication.) 
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for data obtained under controlled con- 
ditions (see Table IV). It is, therefore, 
considered that the wear test machine 


universal solution for the problem of 
wear resistance, it is believed that its 
use, as discussed above, can be success- 
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Fic. 6.—Results of Tests on Wear Test Machine. 


0 25 


50 


75 


Revolutions of Disk (A) 


a Fic. 7.—Results of Tests on Wear Test Machine. 


offers a satisfactory method for evalu- 


ating the wear of walkway materials. 


Although the wear test machine de- 
scribed in this paper is not proposed as a 


wear. 


100 


fully extended to almost all walkway 
materials and to other materials which 
are subjected to similar conditions of 
In this connection, the wear test 
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Number of revolutions ....... 


machine in its present form offers a high 
degree of versatility in so far as the 
factors such as speed, amount of lift of 
specimen, amount of abrasive, size and 
kind of abrasive, material on the face 
of the abrasion disk, ratio of specimen 
shaft speed to abrasion disk speed, size 
of the specimen, configuration of the 


TABLE IIJ.—LIGHT-WEIGHT WALKWAY 
MATERIAL. 


‘Specimen Wear, in. 


0 to | 25 to | 50 to | 75 to 
25 | 50 | 75 | 100 


First Operator. .... 0.0123/0.0041 0.0024|0.0017 


No. 1 
No. 2 |0.0138 0.0046 0.0028/0.0014 
No. 3 |0.012740.0041 0.0021\0.0022 
No. 4 |0.0135'0.0036 0.0022/0.0012 
Second Operator. ..| No. 5 |0.0100'0.0040 0 .0033\0.0035 
No. 6 |0.0129'0.0028,0.0025 0.0024 
No. 7 
No. 8 |0.0136\0.0048/0.0026 0.0023 


No. 9 |0.0122/0.0030 0.0029|0.0024 
No. 10 |0.0110'0.0040'0.0030/0.0022 
No. 11 |0.0138'0.0035 0.0032/0.0026 
No. 12 |0.0096'0.0061/0.0023 0.0028 
No. 13 |0.0121 0.0042 0.0024 0.0015 
| No. 14 
No. 15 |0.0141}0.0042 0.0049\0.0035 
No. 16 |0.0135'0.0034 0.0019'0.0013 
No. 17 |0.0136 0.0029 0.0021'0.0017 
No. 18 |0.0103'0.0046,0.0031'0.0019 
No. 19 |0.0129'0.0023, 0.0029 0.0019 
10.0126 0.0021'0.0024|0.0013 


Third Operator. 


Fourth Operator 


Fifth Operator 


General average 0.0037 0.0028'0.0020 
Average total amount of wear 0.0210 
Standard deviation 0.0013 0.0007 
Final average* 0.0130} 0 .0038\0.0028'0.0019 
Final average total amount of wear 0.0215 
Maximum 0.0141/0.0048]0 .0049)0.0035 
Minimum 0.0019 0.0006 
Number of readings omitted by means of the first stand- 
ard deviation to determine the final average 
4 | 5 


* Final average determined by elimination of high and 
low readings with first standard deviation. 
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specimen and load on the specimen can 
be varied independently to give the 
combination of conditions most closely 
approximating actual service. 


TABLE IV.—COMPARISON OF OBSERVED PER- 
CENTAGES AND THEORETICAL ESTIMATED 
PERCENTAGES OF THE TOTAL OBSERVATION 
LYING WITHIN GIVEN RANGES. 


Esti- 
Range 
mated 
Av Per- Observed Percentages 
minus® cent; 
age 
TEAK 
° 0 to 500 | 500 to 1000 | 1000 to 1500 
revolu- revolu- revolu- 
tions tions tions 
68.3 70.0 | 65.0 75.0 
| 95.5 90.0 100.0 90.0 
eee | 99.7 100.0 | 100.0 100.0 
LINOLEUM 
0 to 500 | 500 to 1000 | 1000 to 1500 
revolu- revolu- revolu- 
tions tions tions 
| 
| 68.3 75.0 70.0 75.0 
2¢.. 95.5 95.0 95.0 95.0 
eT 99.7 100.0 100.0 100.0 


Licut-WE1IGHT WALKWAY MATERIAL 


| 
0 to 25 | 25 to 50| 50 to 75, 
revolu- | revolu- | revolu-| 
tions tions tions tions 
ROE | 68.3 75.0 75.0 | 80.0 75.0 
2e.. | 95.5 95.0 | 95.0 | 95.0 85.0 
3e.. | 99.7 | 100.0 | 100.0 | 95.0 | 100.0 
a 


o = standard deviation. 

> Theoretical estimated percentages of total observa- 
tions, as shown on Fig. 14 of A.S.T.M. Manual on Presen- 
tation of Data, August, 1940. 
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Mr. J. R. SHanx! (by letter).—It ap- 
pears that the authors have developed a 
testing procedure that meets demands 
very well for walkway materials, particu- 
larly when the materials to be tested are 
similar in hardness to those described. 
It does not seem to be so well adapted to 
materials of the brittle, hard, heavy, 
earthy, granular types such as stones and 
cement products. The writer had some 
experience in trying to adapt the Dorry 
testing machine to this service for the 
hard materials. As a result of this 
experience he is of the opinion that the 
authors’ basic factor, “‘(a) The surface 
against which the test material moves 
should be steel,’’ does not well suit the 
testing of hard, walkway materials. 
The tests which the writer reported 
upon? were more indicative of the 
resistance of the material to the action 
of a jumper drill than to ordinary walk- 
way abrasion. The addition of a rubber 
pad between the steel disk and the 
specimen gave results which were very 
different from those reported and which 
seemed to fall better in line with experi- 
ence with marbles. 

Inasmuch as the abrasive action on 
walkways is brought about through the 
action of rubber or leather shoe soles, it 
appears that any testing apparatus for 


| Assistant Director, Engineering Experiment Station, 
The Ohio State University, Columbus, Ohio. 
2 J. R. Shank, ‘“‘A Wear Test for Flooring Materials,” 
Proceedings, Am. Soc. Testing Mats., Vol. 35, Part Il, 
p. 533 (1935). 


resistance to abrasion must have a 
cushion somewhere between the test 
specimen and the platen carrying the 
abrasive. The authors have this cushion, 
in the cases of all three materials tested, 
in the materials themselves. Had they 
been testing marble this would not have 
been the case. 

If the specimen and the platen are 
both hard and have large mass or inertia 
values, in comparison with the abrasive 
particle, the action of the particle is to 
drill into one or the other, or both, with 
every turnover of the more or less irregu- 
lar particle. If the face of one or the 
other materials in contact with the 
abrasive particle is of such a nature as 
to allow the particle to penetrate it 
without drilling a piece out of it, then 
the action is more nearly like the action 
of a shoe sole with sand on it. A diffi- 
culty that arises then is that of accelerat- 
ing the test and keeping down the cost 
of platen material sufficiently to make 
the test procedure practical. 

The dropping of the specimen 7 in. 
hardly seems important inasmuch as the 
impact of shoe soles on walkways is 
never great and is absorbed by the 
material of the sole, particularly when 
it is rubber or like rubber in its texture. 
If, however, the walkway is to be sub- 
jected to steel tired wheels or sliding 
metal shoes and is of a hard material, the 
factors (a) and (b) are both important 
and the Dorry test is well suited. 
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EFFECT OF DIMENSIONS OF SPECIMENS UPON THE 
PRECISION OF STRENGTH DATA* 


By Joun Tucker, JR.! 


SYNOPSIS 


Statistical theories on the ‘strength of materials are applied i in estimating 
the effects of change in a dimension of the specimen on the mean strength and 
on the dispersion of the strength within a group of like specimens. The weak- 
est-link theory predicts the effects of an increase in the length of specimens 
subjected to tension, compression, flexure, or torsion and in the depth of 
specimens subjected to flexure. The strength-summation theory appears to 
predict reasonably well the effects of an increase in the cross-sectional areas 
of specimens subjected to tension or compression and of an increase in width 
of the flexural specimen. Analyses based on the statistical theories of strength 
and the results of some tests indicate that reliable measures of the strength 
and uniformity of the strength of concrete may be obtained by testing a larger 


number of specimens which are much smaller than those commonly used. 


In a previous paper (1)* the author 
demonstrated that the dispersion of the 
compressive strengths (stress at failure) 
of specimens of a concrete varies in- 
versely with the diameter and that, 
within certain limiting values of the 
length, both the compressive strengths 
and their dispersions will vary with the 
length of the specimens. The modulus 
of rupture and its standard deviation 
have also been shown (2) to vary with 
the dimensions of the beam, approxi- 
mating the changes predicted by the 
statistical theory of strength. 

It is the object of the paper to show 
how changes in dimensions of the test 
specimens affect the statistical informa- 
tion obtained and to show the relative 
number of specimens of two sizes which 
must be tested to obtain information of 
equal reliability. It is shown that by 


* Manuscript received too late for general distribution 
befcre publication in Proceedings. Any additional dis- 
cussion that is received for this paper will be published in 
the ASTM Butietin and the 1946 Proceedings. 

1 Chief, Cement and Concreting Materials Section, Na- 
tional Bureau of Standards, Washington 25, D. C. 

2 The boldface numbers in parentheses refer to the list of 

references appended to this paper, see p. 959. 


increasing the size of specimen the num- 
ber of tests may be reduced. In using 
specimens of a smaller size there will 
be less precision in the individual test, 
but this may be counteracted by in- 
creasing the number of specimens. Test 
specimens in some cases would be limited 
to a size usually considered below that 
which is adequate. It is shown how 
such small specimens may be utilized 
to give adequate information. 

In the study of the strength of mate- 
rials, there are several hypotheses of the 
method of failure: maximum. stress, 
maximum strain, maximum shear, con- 
stant energy of deformation, etc. Each 
of these theories has been of value in 
certain applications. Similarly, in the 
recently developed statistical theory of 
the strength of materials, different 
statistical hypotheses of failure have 
been suggested. There are two types of 
dimensional change, and the effect of 
each upon the strength characteristics 
is distinctly different. The first type 
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is a change such as in the axial length of 
a tension test specimen, the second is a 
change such as in the cross-sectional area 
of a tension specimen, in each case all 
other dimensions of the specimens re- 
maining the same. For specimens of 
one cross-section, as specifically illus- 
trated by chains, in which the length 
of the specimen may be varied, the weak- 
est-link theory seems entirely logical 
and irrefutable from physical considera- 
tions. However, when the lateral 
dimensions of the test specimen are 
varied, no particular statistical hypoth- 
esis is apparent. The author (1) 
postulated the ‘‘summation theory,” 
whereas Weibull (3) assumed that the 
equivalent to the weakest-link theory 
prevailed. Obviously both cannot be 
correct; from test data on concrete com- 
pressive test cylinders, the summation 
theory appeared to be more nearly con- 
firmed. The selection of the correct 
hypothesis in the statistical theory of 
strength depends upon our knowledge 
of the mechanism of failure of the 
material. This mechanism cannot be 
predicted a priori; possibly the best 
proof ever available for the surviving 
theory will be the check between pre- 
dicted and test results. However, the 
statistical theory by either of the hypoth- 
eses correctly predicts the directions 
of changes in strength and in the scat- 
tering in strengths with changes in the 
dimensions of specimens. 

In this paper it is assumed that 
changes in length of specimens affect 
the strength dispersion of strength ac- 
cording to the weakest-link theory, and 
changes in lateral dimensions according 
to the summation theory. The latter 
was chosen because the limited available 
data indicate its applicability. It is 
assumed that the changes in dimen- 
sions are not accompanied by significant 
changes in the properties of the materials 
in the specimens; obviously the predic- 


EFFECT ON STRENGTH DATA 953 
tions of the theories would not be ful- 
filled otherwise. 

When comparing strength data for 
specimens of like materials but of dif- 
ferent size it is assumed that for the 
smallest test specimens the distribution 
of the strengths is normal. When the 
strength distribution is skew, the com- 
puted effects of variation of specimen 
dimensions will not usually be sufficiently 
different from those given in this paper 
to cause concern. 


EFFECT OF CHANGE IN LENGTH 


OF SPECIMEN (WEAKEST- 
LInK THEORY) 


Tension: 


If the length of tension test specimens 
be increased, the average strength will 
be less, since failure will occur in the 
weakest section. To illustrate the 
theory, let us consider the strengths of 
links, and of chains formed of groups of 
these links, in a postulated statistical 
universe.* Assume that the links are 
of a certain grade and size, and the mate- 
rial and methods of manufacture are as 
constant as conditions warrant. The 
statistical relation between the mean 
strengths of the links and of chains of 
various numbers of links and between 
the standard deviation in the strengths 
of links and of chains will be demon- 
strated. 

The mean tensile strength of the in- 
dividual links in the universe from which 
we are selecting specimens for test will 
be designated as M,, and the standard 
deviation of the strengths of the indi- 
vidual links in this universe will be 
designated as oy. 

If we select at random a large number 
of chains of 7 links each from the uni- 
verse, the mean strength M, of such 


2 By the term ‘‘universe”’ the statistician implies the hy- 
pothetical background composed of an infinite number of 
individuals which is defined by the frequency curve de- 
lineating the relative frequency of occurrence of each pos- 
sible value of the variable. In this case the variable is the 
tensile strength of the individual link. 
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chains obviously will not be equal to 
M,, because the weakest link in each of 
the group of links in each chain will 
fail. The standard deviation of the 
strengths of the chains will also differ 
from that of the strengths of the in- 
dividual links. If the number of chains 
considered is sufficiently large, we will 
have a statistical universe of chains, 
and the strength characteristics of these 
chains can be determined from the 
strength characteristics of the universe 
of links. 

The problem of finding the mean 
strength and the standard deviation of 
the strengths of the weakest links in 
groups of m, in terms of the mean and 


TABLE I.—VALUES OF THE MEAN AND OF THE 
STANDARD DEVIATION OF THE STRENGTHS 
OF CHAINS OF n LINKS.* 

Although Tippett (4) presents these values to six figures 
for the means and four figures for the standard deviations, 
these have been reduced to two places beyond the decimal 
in this table, as a greater number is not significant in most 
experimental work. 


Mean Strengt eviation 
Number of Links, m of Chains of Strengths 
| of Chains 
M 
te M, — 0.5601 0.8301 
M, — 1.1601 0.6701 
M, — 1.8701 0.5301 
M, — 2.3201 0.4601 
ee M, — 2.5101 0.4301 
M, — 2.7501 0.400; 
M, — 3.0401 0.3701 
M, — 3.2401 0.3501 


0.2701 


@3f, is the mean strength of individual links, and en is the 
standard deviation of the strengths of individual links in the 
parent group of links from which the chains are made. 
standard deviation of individual links 
has been solved by Tippett (4). A 
synopsis of these values is given in 
Table I. Thus, in this universe of 
individual links, the mean strength is 
designated as M, and the standard devia- 
tion of the strengths as o,. For the 
universe of chains of links, the mean 
strength and the standard deviation of 
the strengths may be found opposite the 
value of 7 in the table. 

As a concrete sample, compare the 
testing of a group of N chains of 10 
links each, with the testing of a group of 
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the same number (10N) of individual 
links. In the universe composed of 
the mean strengths of groups of 10N 
individual links, the mean strength will 
still be M,, but the standard deviation 
of the mean strengths of such groups 


will be Vion ~ 0.316 VN’ with a 

.)4 
standard error o(cn)* of 0.316 NV?" 
In the universe composed of the 
strengths of chains of 10 links, we find 
from Table I (x = 10) that the mean 
strength will be M,; — 1.540; and the 
standard deviation of the strengths of 
the chains will be 0.590;. The mean 
strength of groups of x such chains 
will also be M,; — 1.540; but with the 


standard deviation of aa? and a 
x 


standard error of 0.59 . 
or o av 2 


If we are to test 10-link chains, and 
obtain their mean strength with the 
same precision as that in obtaining the 
mean strength of 10N individual links, 
the standard deviation of both means 
must be equal. Designating the num- 
ber of 10-link chains to be tested as x, 
then 


0.316 = 0.59 

VN 
Solving, we find « = 3.5N = 
Under these conditions, 3.5 times as 


4The term standard error is used here to denote the 
standard deviation of the standard deviation, and is a meas- 
ure of the variability or scatter in a number of observed 
values of the standard deviation. The standard deviations 
and standard errors are given in this paper primarily to 
indicate the relative scatter of the values to which they are 
assigned and thus indicate the reliance that we may at- 
tribute to those values. If M; is the mean strength of in- 
dividuals, and o; the standard deviation in the strength of 
individuals, then the standard deviation of the average 


strength of » individuals ap, is = and the standard error of 
n 


thislatter,a(¢,,) = It should benoted that thestandard 
nv 2 
deviations in the universes under consideration are not 
known, and in this paper a1 is a purely hypothetical value. 
We can compute S$; = = or the root mean square er- 


S 
ror; the best estimate of o: is then c. = ,org = Ve 


(5, 6, 7). 
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many links are tested. If it is assumed 
that all links in a chain are of no value 
after test, the testing of chains destroyed 
3.5 times as many links. However, in 
the testing of individual links 2 = 
2.85 times as many tests were made. 

The methods used in computing the 
strengths and the strength dispersion of 
chains of different numbers of links may 
be applied by use of Table I for tension 
test specimens in which the cross-section 
remains constant and the length changes. 
Such specimens include ropes, chains, 
cables, metal rods, such as reinforcing 
bars, in all of which the stress may be 
assumed to be uniform across every 
lateral section, and constant through- 
out the length of the specimen. 

In computing the average strength 
and the standard deviation of the 
strengths of longer specimens from 
data for shorter ones, the length of the 
shorter specimen, within which failure 
may occur, is to be taken as the unit 
length, and the length within the longer 
specimen in which failure may occur, 
divided by the unit length, is to be taken 
asm. It is to be noted that these values 
of m need not be integers, and that any 
value, including fractional values, may 
be obtained by plotting the values in 
Table I and reading the required value 
for n from the graph. 


Compression: 


Compression test specimens of me- 
dium length fail essentially by shearing 
in a plane inclined to the base of the 
specimen at an angle ao peculiar to the 
material. The angle ao has been termed 
the angle of shear. If the specimen is 
shortened so that the length is less than 
the product of the diameter (or width) 
and the tangent of ao, then the strength 
of the specimen is increased. The 
present analysis is limited to specimens 
of greater than this length; a more com- 
prehensive analysis of the compression 
specimen is given in another paper (8). 
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The strength characteristics of a com- 
pression specimen can be computed 
from that of a shorter specimen, as fol- 
lows: From the length of the short 
specimen the length d tan ap is sub- 
tracted, where d is the diameter (or the 
width of a square specimen). The 
remaining length is the length of “free 
failure,” that is, the length in which 
failure may occur. This length is the 
“unit length.” We then in the same 
way find the length of “free failure” of 
the longer specimen, and designate the 
ratio of this length to the unit length as 
n. From the mean strength and the 
standard deviation of the strengths of 
the short specimens (M, and a; in Table 
I) we can find the mean strength and 
the standard deviation of the strengths 
of the longer specimens. 


Torsion: 


In a torsion specimen of medium 
length the failure in brittle materials 
occurs in the form of a helicoidal or 
conchoidal surface. The projection of 
this surface on the axis of the torsion 
specimen will have a length which we 
will designate as S. Our theory, as in 
the case of the compression specimen, 
will not apply when the length of the 
specimen in which failure will occur is 
less than the value S. Thick metal 
tubes fail in a plane perpendicular t theo 
axis, in which case S = 0. 

In determining the mean strength 
characteristics of longer specimens from 
the mean strength and standard devia- 
tion of the strengths of shorter ones, the 
procedure is as follows: subtract the 
length S from the length of each speci- 
men in which failure will occur. The 
ratio of the net length of the longer to 
that of the shorter specimen is n. 
the values in Table I as before. 


Flexure: 


The strength characteristics of beams 
of different dimensions have been ana- 
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lyzed previously by the author (2). 
Only a summary of the findings will be 
given here. 

The modulus of rupture of beams of 
the same cross-section and of any one 
type of loading, such as central, or third- 
point, may be compared by means of 
Table I. The length of the shorter 
beam between supports is taken as the 
unit length, the ratio of the length of the 
longer to the shorter beam is , and is to 
be applied in Table I to find the mean 
modulus of rupture and the standard 
deviation of the moduli of rupture of 
the longer beams. The weakest-link 
theory also applies to the change in 
these parameters caused by increase 
in beam depth, where beam span and 
width, and method of loading remain 
constant. The shallow beam depth 
corresponds to the unit depth, a beam 
n times greater in depth will have the 
characteristics associated with m in 


Table I. 


EFFECT OF CHANGE IN AREA OF CROSS- 


SECTION (SUMMATION-STRENGTH 


THEORY) 


Compression: 

In the testing of geometrically similar 
concrete cylinders, (that is, specimens 
having a constant ratio of length to 
diameter) it was found (1) that the com- 
pressive strength (ultimate stress) of the 
cylinders was approximately the same 
regardless of the diameter. However, 
the standard deviation of the com- 
pressive strengths decreased with in- 
crease in cylinder diameter. This 
change was in accord with computations 
based on the theory of probability. 

Thus, if o; is the standard deviation 
of the compressive strengths of cylinders 
of unit area, and o, the standard devia- 
tion of the compressive strengths of 
cylinders a units in cross-section, 
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As the square roots of the areas are pro- 
portional to the diameters, the standard 
deviation of the compressive strength of 
cylinders is inversely proportional to the 
diameters. 

Let us now see the relative informa- 
tion gained by testing cylinders of two 
diameters. First assume that we are 
making tests of cylinders 6 in. in diam- 
eter by 12 in. long. The mean com- 
pressive strength of the individual cylin- 
ders in the universe from which we are 
selecting specimens for test will be M,, 
and the standard deviation of the com- 
pressive strengths of the individual 
cylinders in this universe is o;. Then 
for a universe of groups of m cylinders 
each, the mean strength will also be 
M,, but the standard deviation for the 
means of the groups will be o /V/n 
with a standard error of o,/n+/ 2. 

Now let us test larger cylinders dimen- 
sioned 6y in. in diameter by 12y in. long 
and of the same material as the 6 by 12- 
in. cylinders. The mean compressive 
strength of the individual cylinders in 
this universe from which we are select- 
ing specimens will again be M, but the 
standard deviation of the compressive 
strengths of individual cylinders will 
now be o;/y, y being the ratio of the 
diameter of the larger to the smaller 
cylinder. If we test groups of m such 
cylinders, the groups will be from a 
universe in which the standard deviation 
of the mean compressive strengths will 
be o:/yn with a standard error of 
o,/ynv/ 2. Thus an increase in the pre- 
cision is obtained by testing larger 
specimens. 

However, if for the larger cylinders we 
test groups in the number of mx cylin- 
ders which will give the same standard 
deviation for the mean as for the groups 


of 2 6-in. cylinders, we find —= = ——~=, 
Vn ne 
and therefore x = 1/y*. That is, we 


need only test the number of cylinders 


w! 
sq 


i 
I 
th 
Ww 
til 
: cy 
to 
| W 
th 
1: 
W 
se 
tv 
is 
re 
m 
ol 
T 
ti 
Sc 
Si 
a 
L 
ti 
0 
’ a 
t 
| 


ssive 
rs in 
‘lect- 
t the 
ssive 
will 
the 
aller 
such 
m a 
ation 
will 
or of 
pre- 
arger 


rs we 
ylin- 


dard 


‘oups 


TUCKER ON SPECIMEN SIZE 


which is equal to the reciprocal of the 
square of the ratio of the diameters. 

Thus, we need only test one fourth 
the number of cylinders if the larger 
cylinders are 12 in. indiameter. But the 
weight of the 12-in. cylinder is eight 
times that of the weight of the 6-in. 
cylinder, and therefore we would have 
to test twice the total weight of material. 
We also call attention to the 240 lb. 
that is the approximate weight of the 
12-in. cylinder. 

From the foregoing it follows that 
when the summations of the cross- 
sectional areas of the cylinders of the 
two sizes are equal, equal information 
is gained. That is, 4” of the 6-in. 
cylinders will have an area equal to u 
of the 12-in. cylinders. Thus, if we 
reduce the diameter of the test speci- 
men, we need only make the number pro- 
portional to the ratio of the areas to 
obtain equal statistical information. 


Tension: 


The strength characteristics of ten- 
sion specimens of differing cross-sec- 
tional areas may be assumed to be the 
same as those governing the compres- 
sion specimens. There is no restriction 
as in the compression specimens that the 
l/d ratio should be constant for the 
tension specimens. For the comparison 
of tension specimens of varied cross- 
sections, the length of the specimens 
should be the same. 


Flexure: 


In a previous paper (2) it was demon- 
strated that in varying only the width 
of the beam, the summation theory 
applied. That is, the modulus of rup- 
ture remains constant with increase in 
width, but the standard deviation of 
the modulus of rupture of a beam of 
width w is o» = o:/*/w where a; is the 
standard deviation of moduli of rupture 


of beams of unit width. 


EFFECT ON STRENGTH DATA | 957 


Tue USE OF SMALL SPECIMENS 


In some instances it is impossible to 
secure other than small specimens of a 
material for test. One example of this 
is the spun concrete pipe. In the spin- 
ning process water and cement are ex- 
tracted, and the concrete after placing 
is radically different from the original 
mix. The original mix is placed rather 
wet, whereas the formed concrete in the 
pipe is very dry. Gain in strength 
results from the reduction in water con- 
tent, partially compensated for by the 
loss in cement. The concrete is so dry 
and compacted in the spinning process 
that, by very careful handling, it may 
be removed from the form as soon as 
spun. 

The test cylinders of the standard 
size made from the original mix obviously 
would not have properties at all like the 
concrete in the pipe. The presence of 
wire reinforcement or steel casing pre- 
vents testing the concrete for strength 
by axial compression of a section of the 
pipe. 

Ross (9) cut small specimens from 
spun pipes with walls 1.85 in. thick. 
The aggregate was of the 3-in. size. The 
specimens were 2.1 by 1.8 by 3.7 in., 
and had an average compression strength 
of 7600 psi. at the age of approximately 
2 months. The 6 by 12-in. cylinders 
made from the original mix had strengths 
at 28 days of 5000 psi. Both the pipes 
and cylinders were cured three days in 
steam under canvas, at atmospheric 
pressure, then stored in air. Under 
this condition of storage, little strength 
increase is to be expected in the period 
from 28 days to two months. The 
small specimens apparently were not 
weakened by the comparatively large 
size of the aggregate (approximately 
2 in.). The coefficient of variation® of 
the compressive strengths of the small 

5 For convenience in the following discussion, strength 
dispersion has been expressed in terms of the coefficient of 


variation, which is the standard deviation expressed as a 
percentage of the mean strength. 
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specimens was approximately 11 per 
cent. This may appear to be large. 
By application of Eq. 1, however, the 
coefficient of variation of 6 by 12-in. 
cylinders of the material would be 3.6 
per cent which is low for concrete cylin- 
ders of this size. 

Another example may be cited in the 
testing of smal! specimens of cast stone. 
In an investigation of the properties of 
cast stone (10) many of the 68 samples 
tested were so limited in size that only 
small specimens could be cut from them. 
In order to give additional information 
on the samples, after testing the 1 by 1 


_ by 8-in. flexural specimens three sections 


each 2 in. long were cut from the bars 
after test. None of the 1 by 1 by 2-in. 
prisms gave unusually low strengths. 
The average of the coefficient of varia- 
tion of these specimens was 13 per cent, 
compared to the coefficient of variation 
of 6 per cent for the 2-in. diameter, 2-in. 
high cores from the same samples. 
The coefficient of variation of 13 per cent 
for the 1-in. square specimens would be 
equivalent to 13/+/ 28.3 = 2.4 per cent 
for 6-in. diameter cylinders of the same 
material. This may appear to be small; 
but when we consider that with two ex- 
ceptions the average of the largest 
aggregates was less than approximately 
(0.3 in. in size, then, as the coefficient of 
variation of the strengths is proportional 
to the size of the aggregate (1), 1-in. 
aggregate in 6-in. diameter cylinders 


would develop a standard deviation of 
1.00 
- = . > re 
2.4 X 0.30 8.0 per cent, a value not 


discordant with the usual results of 
tests of concrete cylinders. 

It may be mentioned that in two 
samples of these cast stones the aggre- 
gate was of the }-in. size, just one half 
of the width of the cross-section. The 
tests of specimens from these two sam- 
ples showed no departure from nor- 
mality, either in their method of break- 
ing or in any lowering in strength. To 


substantiate the reliability of tests of 
these two samples the following data are 
given. The mean strengths of the prisms 
were 12,600 and 15,780 psi., respectively. 
The average ratio of strengths for the 
two is 0.753. The average of the ratios 
of prism to cylinder strengths for all 
other specimens was 0.812. In the 
opinion of the author a number of the 
tests were clearly erratic in that the 
strengths of the prisms, with larger 1/d 
ratio, were less than the strengths of the 
2 by 2-in. cylinders. If we exclude the 
ratios for this group, the ratios of prism 
to cylinder strengths of the remaining 
58 samples is 0.762. The value obtained 
on specimens with much smaller size 
aggregate (with two exceptions, }-in. 
size and smaller) is practically the same 
as that obtained with the 3-in. aggregate, 
thus demonstrating that aggregate as 
large as half the width of the specimen 
does not reduce the strength of that 
specimen. 


SUMMARY 


Changes in the dimensions of speci- 
mens that affect the strength and the 
scatter in strength are of two types. 
The weakest-link theory appears to be 
the unique and satisfactory statistical 
theory of strength which can be applied 
to variations of the first type. 

This theory is applicable to increase 
in the length of specimens subjected to 
tension, to compression, to torsion, and 
to flexure. It is also applicable to in- 
crease in the depth of flexural specimens. 
Tippett’s tables (4) give the reductions 
in the mean strength, caused by changes 
of the first type. 

Variation in the area of the cross-sec- 
tion is of the second type. Unlike varia- 
tions of the first type, there is no obvious 
statistical theory of strength which may 
be applied to the second type of dimen- 
sional change. The changes in strength 
and strength dispersion will depend upon 
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the mechanism of failure of the material, 
a phenomenon about which little is 
known. The strength-summation theory 
appears to apply for several materials. 
According to this concept, the strength 
of the material is independent of the 
area of the specimen upon which tests 
are made, provided that the length of 
the specimens remains unchanged in 
tension tests, and that the //d ratio is 
constant in compression tests. The 
standard deviation of the strengths of 
the specimens varies according to the 
equation: 
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where az is the standard deviation of the 
strengths of specimens of cross-section 
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Mr. R. L. (by letter).—In 
commenting on this excellent paper it 
, would seem worth while to emphasize a 

dependence of the results obtained by the 
analytical methods upon the assumption 


of uniform stress distribution both 
_ throughout the lateral section and length 
4 the test specimens. Unfortunately, 
in many tests of materials this condition 
‘ is not realized and consequently differ- 


ences reasonably might be expected be- 
tween computed and measured data. 

Presumably there is some minimum 
l/d ratio for each material, below which 
the strength of the material would be 
affected appreciably. This is in accord- 
ance with results found by W. E. Dalby.’ 
Furthermore, although the author has 
concerned himself primarily with 

strength data, yet for tension tests of 
§ ductile materials wherein elongation 
_ values might be of interest, there would 
be appreciable effects on the elongation 
values in this same range of specimen 
_ size since the nature of the fracture would 
s be influenced considerably by the geom- 
etry of the specimen. 

A conception of ultimate compressive 
strength is generally meaningless when 
- dealing with ductile materials because 
failure either occurs by buckling or in- 


! Assistant Director of Research and Chief Engineer of 
Tests, Aluminum Company of America, New Kensington, 


'@W. E. Dalby, “Strength and Structure of Steel and 
Other Metals,’’ Longmans, Green and Co., New York, 
N. Y., pp. 68 and 69 (1923). 


volves excessive and generally nonuni- 
form lateral deformations. 

Finally, while the author’s experi- 
mental evidence seems to indicate the 
satisfactory use of an appreciably wider 
range of sizes of specimens than custom- 
ary, yet more experimental data would 
seem desirable before attempting to 
define size range limits for materials not 
considered by the author. 

Mr. Joun Tucker, Jr. (author’s clo- 
sure by letter.)—Mr. Templin’s construc- 
tive comments are appreciated. The 
applicability of the statistical theory to 
the compressive strength of ductile 
materials is questioned by him. — Short 
steel columns, which may be considered 
in this category, have been shown’ 
to approximate the strength reduction 
with length forecast by statistical theory. 

The theorems in the paper have been 
offered to show the possible advantages 
of change in size of specimen. If the 
test results do not coincide with pre- 
dicted strength changes, there is an 
indication that the stress conditions in 
the specimen have been changed because 
of changes in size and this may aid in 
eliminating faulty test procedure. 

We heartily concur with Mr. Templin’s 
desire to secure more data before chang- 
ing or defining size-range limits. 


aj. Tucker, Jr., “The Compressive Strength Dispersion 
of Materials, with Applications,’’ Journal, Franklin Inst., 
Vol. 204, December_1927, p. 751. 
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XIMUM STRESSES PRESENT AT FAILURE OF 
BRITTLE MATERIALS'* 


ai @ 


It is shown by a statistical theory of strength how stresses with magni- 
tudes much beyond those usually considered as the strength of the material | 
may be present in a portion of a test specimen. 
strated that the modulus of rupture as usually calculated should be much — 
Analysis demonstrates that the load at | 
failure of a cement briquet does not have a fixed ratio to the tensile strength 
It is also shown that in a concrete cylinder tested in com-_ 
pression, with ends restrained against lateral expansion, the tensile stresses 
present in a small portion of the volume are too small to cause a tensile 


greater than the tensile strength. 


of the material. 


failure. 


By Joun TUCKER, JR.’ 


SYNOPSIS 


It is theoretically demon- 


According to the usually accepted 
classical maximum stress theory for the 
strength of materials, a specimen will fail 
when the stress at any point, or over any 
area or volume, no matter how small, 
reaches a definite ‘value known as the 
strength of the material. By this theory, 
a “characteristic” strength, such as the 
modulus of rupture, is independent of the 
size of the specimen. 

In the past decade the application of 
the theory of probability has provided a 
means for estimating the effects of size 
and shape of specimen on the character- 
istic strength (1, 2, 3).3 It has been 
demonstrated (2) that the strength and 
the -standard deviation of the strength 
are independent of the dimensions of the 
test specimen only in the purely hypo- 
thetical case where there is no variation 


* Manuscript received too late for general distribution 
before publication in Proceedings. Any additional dis- 
cussion that is received for this paper will be published 
in the 1946 Proceedings. 

1A brittle material is here defined as one which has a 
negligibly small flow under stress during the period of 
testing. 

?Chief, Cement and Concreting Materials Section, 
National Bureau of Standards, Washington 25, D. C. 

3 The boldface numbers in parentheses refer to the list 

f references appended to this paper, see p. 973. 


in the strength of the material through- 
out the specimen. In all actual 
materials the strength varies throughout, 
and therefore the characteristic strength 
depends upon the size and shape of the 
specimen. 

It is the purpose of this paper to 
demonstrate, by a statistical strength 
theory based on the laws of probability, 
that for specimens in which the stresses 
are not uniformly distributed, the maxi- 
mum stresses may be much higher than 
the strength of the material as deter- 
mined by tests of specimens in which the 
stress is uniformly distributed. Local 
stresses much above the ordinarily ac- 
cepted strength of the material may 
therefore be present at failure of the 
specimen. 


MopuLvus OF RUPTURE 


In a previous paper (3) the author pos- 
tulated certain statistical theories, con- 
cerned with the strength of materials, and 
computed by these theories the relative 
values of the modulus of rupture and of 
its standard deviation for beams varying 


| 
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in dimensions and in methods of loading, 
and showed how test data to a large 
degree substantiated these findings. In 
that analysis the strength characteristics 
of a beam of one dimension were pre- 
dicted from elementary sections of a 
beam of different dimensions. 

In the present analysis we start with 
the strength characteristics (mean 
strength and standard deviation of the 
strength) of specimens of the material 
in uniform tension, and compute the 
strength characteristics of fibers from 
those specimens, based on theory which 
included statistical concepts. We then 
predict the strength of a beam or of a 
briquet assuming that the beam or the 
briquet is composed of a number of these 
fibers. Because of the presence of aggre- 
gate which is not small in size relative to 
half the beam depth, the stress distribu- 
tion assumed in the usual analysis would 
not be expected, and it is anticipated that 
our computations would be only 
approximations. 

It is not apparent which particular 
statistical theory, as for example those 
postulated in reference (3) will apply to 
different materials, and which should be 
used to predict the changes in strength 
and in scatter in strength, concomitant 
with change in dimensions. In our 
present analysis, the tensile strength 
characteristics of elementary fibers, of 
which a tension test cylinder is assumed 
to be composed, must be determined 
from the strength characteristics of the 
cylinder. ‘Test data, for example on 
concrete (1) and plastics (4) indicated 
that for a change in cross-sectional area, 
the summation theory applied. If we 
apply this theory to our analysis in the 
present paper, the predicted modulus of 
rupture is but little more than the tensile 
strength of the material, a result dis- 
cordant with fact. If we apply the 
weakest link theory (3) we obtain a pre- 
dicted modulus of rupture greater than 
the tensile strength, but not so great as 


experiment shows. A_ combination 
theory is offered, which has the merit of 
predicting values for the modulus of 
rupture which are adequately large. 


Basic Test DATA FOR COMPUTATION OF 
THEORETICAL MODULUS OF RUPTURE 


The modulus of rupture was computed 
by statistical theory, on the basis of three 
assumed stress-strain relations for the 
concrete. One assumption was that the 
material obeyed Hooke’s law. Another 
was that the stress-strain relation of the 
concrete was that obtained by Schuman 
and Tucker (5) on 4-in. diameter cylin- 
ders in which failure occurred in an 8-in. 
length. 

The Standard Method of Test for 
Flexura] Strength of Concrete (C 78 - 
44),4 (Using Simple Beam with Third- 
Point Loading), requires an increase in 
extreme fiber stress of 150 psi. per min- 
ute, with more rapid loading up to one 
half the modulus of rupture, a total 
loading time of not more than 4 min. for 
concretes with the characteristics we are 
considering. The determination of the 
stress-strain relation as determined by 
Schuman and Tucker required at least 
three to four times as long, and there was 
considerable flow in the concrete. Con- 
sequently, a curve intermediate between 
that given by Hooke’s law and that repre- 
senting data of Schuman and Tucker has 
also been selected as another basis for 
computing the theoretical modulus of 
rupture by statistical theory. ‘ 

For the first stress-strain relationship 
it was assumed that Hooke’s law was 
valid till failure 


where 


s = stress in pounds per square inch, 
e = strain, and 


E. = modulus of elasticity, 4,000,000 


psi. 


41944 Book of A.S.T.M, Standards, Part II, p. 489. 
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The tensile strength was assumed to 
be 400 psi., the ultimate strain, eo being 
therefore 0.00010. 

The second stress-strain relationship 
was assumed to be 


s = Eeo(x — 0.06x? — 0.0424). . (2) 


where x = e/e9, the value of £, is 
4,000,000 psi., the tensile strength is 400 
psi., and the ultimate strain eo = 0.00011. 
The third stress-strain relationship 

was: 
s = Eeo(x — 0.12x? — 0.08x) . . (3) 


where all quantities except eo are the 
same as for Eq. 2. eo in this case is 
0.000125. The characteristics are repre- 
sentative of the data of Schuman and 
Tucker. 

The tensile strength for all three equa- 
tions had a standard deviation of ¢, = 
24 psi (6 per cent). 

In the analyses, by both the weakest 
link and the combination theories, dis- 
cussed in the next section, the 4-in. 
diameter cyclinder is assumed to be com- 
posed of m fibers of equal areas and hav- 
ing lengths of 8 in., the length of the 
cylinder. The number of fibers chosen 
for such an analysis should be such that 
the variation in stress in the fiber, and 
consequently the variation in the proba- 
bility of failure in this stress range is 
small. These conditions are met by 
making m = 100. If a much larger 
value for m is chosen, the numerical 
results would differ somewhat from those 
obtained when x = 100, but it is believed 
that the results would not be significantly 
different. The analysis in each case 
would show a modulus of rupture greater 
than the tensile strength. 


Weakest Link Theory: 


In the weakest link theory (7), let us 
designate the mean strengths of the fibers 
as M, and the standard deviations of 
their strength to be o,. If there are n 
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fibers in the test cylinder, then the 
strength characteristics are given in 
Tippett’s tables (6, 7). For example, if 
n = 100, we look for this value of in 


the table and find the strength of the _ 


cylinder (M,) to be M,; — 2.510,, and 
the standard deviation of the strength 
of the cylinder (¢,) will be 0.430;. In 
the data selected as basis for our compu- 
tation the mean strength of the cylinder 
was 400 psi., with a standard deviation 
of o- = 24 psi. (6 per cent). Thus 
0.430, = 24 psi. (coefficient of variation, 
v = 6 per cent) and the standard devi- 
ation of the strength of the fiber is on = 
56 psi. (v = 14 percent). Therefore the 
mean strength of the cylinder is M; — 
2.510, = 400 psi., and the mean fiber © 
strength is M, = 400 + 2.510, = 540 
psi. 

To simplify the computation of the 
theoretical modulus of rupture the size _ 
of beam was selected such that the length 
of the beam between third-point loads 
was equal to the 8-in. length of the fibers 
in the tension specimen, and one half the 
area of the beam was made equal to that 
of the area of 7 (= 100) fibers, the same 
as the area of the 4-in. diameter tension 
test cylinder. The problem is then to 
compute the modulus of rupture for a 
beam 4 in. wide, 6 in. deep, tested at third 
points, on a 24-in. span. We will assume 
the fiber to be rectangular in cross-sec- 
tion, equal in width to the width of the 
beam, and of thickness equal to one 
one-hundredth of half the beam depth. 

The fibers in the beam will be assumed 
to possess the strength characteristics of 
the fibers of the tension test cylinder, 
that is, to have the same mean strength 
and the same standard deviation in 
strength. 

The probability of the beam resisting 
failure is then the product of the proba- 
bilities of each of the fibers resisting 
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_ failure under the stress to which they are 


subjected. From the probabilities of 
failure of the beam at a number of load- 
ings, the mean value of the modulus of 
rupture and the standard deviation of the 
modulus of rupture may be calculated 
(3). Computations were made assuming 
that Hooke’s law holds and also accord- 
ing to stress-strain relations of Eqs. 2 
and 3. 


Combination Theory: 


In this method, all computations are 
the same as for the weakest link theory 
with the exception of the computation 
of the strength characteristics of the 
fibers. In this hypothesis, if the stand- 
ard deviation of the strengths of fibers is 
o, then the standard deviation of the 
strength of the 4-in. diameter test cylin- 
der is assumed to be ¢, = o1/ where 
n is the number of fibers in the cylinder. 
The mean strengths of fiber and cylinder 
are assumed to bear the same relation- 
ship as in the weakest link theory and 
in Tippett’s tables. Therefore the mean 
strength of the fiber being M, , the mean 
strength of the cylinder (with 100 fibers) 
will be M; — 2.510,;. Thus, from our 
basic data o, = 24 psi. (6 per cent) and 
hence a; = o-V/100 = 240 psi. = 60 
per cent of M. and M,; — 2.510, = M, 
— 602.4 = 400 psi., therefore M, = 
1002.4 psi. or 250.5 per cent of M,. 

From this point, the modulus of rup- 
ture of the beam is calculated in the same 
manner as outlined under the previous 
section on the weakest link theory. That 
is, the probability of the beam resisting 
failure is the product of the probabilities 
of all the fibers, under their individual 
stresses, of resisting failure. 


Experimental Confirmation of Theory: 


Although it has long been recognized 
that the modulus of rupture is consider- 
ably larger than the tensile strength of 
concretes, the ratio of these values is not 
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definitely known, particularly because 
of the great difficulty in the measurement 
of the tensile strength. Slight eccen- 
tricity in loading, which causes large 
errors, and nonuniform gripping of the 
specimens will give values below the true 
tensile strength of the material. Gon- 
nerman and Schuman (8) give ratios of 
modulus of rupture to tensile strength 
which vary from 1.42 to 5.00, the latter 
value being exceptional and for very 
weak specimens. For a concrete with a 
compressive strength of 4500 psi., which, 
according to Schuman and Tucker (5) 
would correspond to a tensile strength 
of 400 psi., Gonnerman and Schuman 
give a ratio of 1.65 between the modulus 
of rupture and the tensile strength. But 
as Kellerman showed in his discussion of 
the paper by Gonnerman and Schuman, 
many of the specimens broke at the end 
of or within the grips, thus indicating 
that the specimen broke at a stress less 
than the true tensile strength of the 
material. 

The modulus of rupture of concrete is 
therefore probably not as large, com- 
pared to the tensile strength, as has been 
assumed. The author believes that the 
modulus of rupture is approximately 45 
to 65 per cent greater than the tensile 
strength, or from 580 to 660 psi. for a 
concrete with a tensile strength of 400 
psi. 

The ultimate strain of the extreme 
fiber of concrete beams under load is not 
known with certainty. Hatt (9) gives 
measured strains of from 0.00013 to 
0.00019 for loads less than those causing 
failure. These values exceed that of 
0.000125 mentioned previously in this 
paper. This indicates that the ultimate 
strain of the concrete in the extreme fiber 
of a beam is appreciably larger than the 
ultimate strain of like concrete tested in 
pure tension. The increase in strain 
over the ultimate strain in pure tension 
is probably of the order of 50 per cent. 
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Theoretical Modulus of Rupture: 


According to the classic maximum 
stress theory, the beam will fail when 
the stress in the extreme fiber reaches the 
value of tensile strength of the material. 
For the value of 400 psi. which we have 
assumed as the tensile strength of our 
concrete, if that concrete obeys Hooke’s 
law, then the modulus of rupture would 
likewise be 400 psi. 


Ww 100}-7ensile Strength 
075}-——— 
E,=Modulus of Elasticity 
= Initial 
950 s =Stress, psi. 
=Strain 
= Strain at Foilure 
F025 X 
10 20 


Strain Ratio x=e/e, 


Fic. 1.—Stress-Strain Relation of Concrete in 
Tension. 


If the material has the stress-strain 
characteristics of Eq. 2, and it is assumed 
that plane sections remain plane, then 
the modulus of rupture will be 422 psi. 

If, however, the concrete has the 
stress-strain relationship as given by 
Eq. 3 (Fig. 1), failure will occur when 
the stress in the extreme fiber is 400 psi., 
but now the stress distribution in the 
beam is as given in Fig. 2, the ultimate 
strain being 0.000125. The modulus of 
rupture of such a beam would be 450 psi. 

Thus classic theory predicts but a small 
part of the increase in modulus of rupture 
over the tensile stress, and of the ulti- 
mate strain of the extreme fiber over the 
ultimate strain of the concrete tested in 


pure tension. ae 
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Modulus of Rupture by Statistical Theory 
of Strength: 


Weakest Link Theory.—According to 
the classic theory of strength and for 
concrete obeying Hooke’s law, both the 
tensile strength and the modulus of 
rupture are 400 psi. The probability of 
failure by the weakest link theory, under 
this stress condition is computed by the 
method outlined above to be the negligi- 
ble quantity of 0.027. This illustrates 
the reason for the statistical theory 
predicting a much higher value for the 
modulus than does the classic theory. 


| 
| e=0.000125 
| 
| 
Ela 
‘ | 
a 8 
WwW 
Beam Depth 


Modulus of Rupture 450 psi 


Fic. 2.—Stress Distribution at Rupture Accord- 
ing to Classic Maximum Stress Theory. 
(Stress-strain relation of Eq. 3.) 


For a concrete with the stress-strain 
relation of Eq. 1, the mean value for the 
modulus of rupture by the weakest link 
theory is 470 psi., with a standard devi- 
ation of 34 psi. (7.2 per cent). The 
extension of the extreme fiber at failure 
is 0.00012, and 15 per cent of the tension 
side of the beam is stressed beyond the 
tensile strength of specimens tested in 
pure tension. 

The modulus of rupture, computed by 
weakest link theory, for the stress-strain 
assumptions of Eq. 2 is 500 psi., with a 
standard deviation of 36 psi., (7.2 per 
cent). Eighteen per cent of the fibers 
in the tension side of the beam are 
stressed beyond the ultimate strain. 
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The extreme fiber at failure is stressed to 
465 psi., with a strain of 0.00013. 

Let us now consider a beam composed 
of concrete with stress-strain character- 
istics of Eq. 3. If such a beam is 
subjected to a bending which will de- 
velop a stress of 400 psi. in the extreme 
fiber, the stress-distribution is as shown 
in Fig. 2. As computed by weakest link 
theory the probability of failure under 
this load is only 0.05. Again we see 
that statistical theory predicts a larger 
modulus of rupture than does the classic 
theory. 

The modulus of rupture as computed 
by the weakest link theory for the stress- 
strain assumption of Eq. 3 is 550 psi. 
with standard deviation of 41 psi. (7.5 
per cent). The extreme fiber, at failure, 
is stressed to 455 psi., with a strain of 
0.000165. Note that 22 per cent of the 
area of the tension side of the beam has 
been stressed beyond the tensile strength 
and the ultimate strain of the material, 
as tested in pure tension. 

Up to this point, our analysis has been 
based on a 4-in. diameter tension test 
specimen with a strength of 400 psi., and 
a standard deviation of 24 psi. (6 per 
cent). For a standard deviation of 10 
per cent, the modulus of rupture com- 
puted by the weakest link theory, and 
based on the stress-strain relation of 
Eq. 3 is 585 psi., with standard deviation 
of approximately 88 psi. (15 per cent). 
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For this condition, the stress in the 
extreme fiber is 470 psi. and the strain js 
0.00018. 

Combination Statistical Theory of 
Strength.—By the combination theory, 
for a material obeying Hooke’s law, hay- 
ing a tensile strength of 400 psi., with 
o- = 6 per cent, the modulus of rupture 
is computed to be 590 psi. with a stand- 
ard deviation of 118 psi. (20 per cent), 
The ultimate strain is 0.00015, and 32 
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Modulus of Rupture 615 psi 


Fic. 3.—Stress Distribution at Rupture Accord- 
ing to Combination Statistical Theory. 
(Stress-strain relation of Eq. 2.) 


per cent of the tension half of the beam 
is stressed beyond the ultimate stress 
and strain of the material tested in pure 
tension. 

If computations are made with the 
stress-strain relation of Eq. 2, then the 


TABLE I.—BEAM CHARACTERISTICS CALCULATED BY SEVERAL THEORIES. 


"Modulus of Rupture“, psi. 


Theory of Failure 


Extreme Fiber Stress and Strain 


7 Area of Tension 
at Failure of Beam 


Half of Beam 

| = ensile Strength, 


Stress, psi. 


Eq. 1 } 
Eq. 2 Eq. 3 2|\Eq. 3 Eq. 1|Eq. 2|Eq. 3| Eq. 1| Eq. 
Classic............ 400 422 450 | 400 400 | 400/10 | 11 | 12.5| 0 0 
Weakest link... 470 (+7.2%)| 500 (47.2%) |550 (+7.5%)| 470 | 465 | 455 | 11.7; 13 | 16.5) 15 18 | 22 
Combination 590 (+20%) \615 (411.5%) |760 (+5.4%)| 590 | 560 | 465 | 15 wis 32 36 
Combination = 
10 per cent)... S85 (15%) | -| 


® The coefficients of variation are given after the modulus of rupture. 
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modulus of rupture is found to be 615 
psi. with a standard deviation of 71 psi. 
(11.5 per cent). The stress in the ex- 
treme fiber at failure of the beam is 560 
psi., and its strain is 0.00017, and 36 per 
cent of the tension half of the beam is 
subjected to stresses and strains beyond 
the ultimate in specimens tested in pure 
tension. Figure 3 shows the stress 
distribution of the beam at failure. 

If computations are made with the 
stress-strain relations of Eq. 3 (Fig. 1) 
the modulus of rupture is found to be 
760 psi., with the ultimate strain 0.00023 
and approximately 50 per cent of the 
tension half of the beam is stressed 
beyond the ultimate stress and strain of 
the material tested in pure tension. 

A summary of the computations is 
given in Table I. 


Discussion—Comparison of Theoretical 
and Observed Modulus of Rupture: 


It is very likely that the concrete upon 
which our computations are based will 
have stress-strain relations intermediate 
to those given by Eqs. 2 and 3. In the 
following, the values computed on the 
basis of the two equations will be cited 
as limits. 

By the classic maximum stress theory 
of strength, in which it is assumed that 
the beam will fail when the extreme fiber 
is stressed to the tensile strength of the 
material, the modulus of rupture will lie 
between 422 and 450 psi. The ratio of 
the modulus of rupture to the tensile 
strength (1.05 to 1.12) is much below 
the value of from 1.45 to 1.65 that is 
obtained experimentally and the classic 
theory predicts no increase in the strain 
in the extreme fiber at failure beyond the 
ultimate strain in pure tension. 

By the weakest link theory, the modu- 
lus of rupture will lie between 500 and 
550 psi. The ratio of the modulus to the 
tensile strength in this case is 1.25 to 1.37, 
respectively, a distinct improvement on 
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the values obtained by the classic theory, 
but again lower than test values. The 
strain in the extreme fiber at beam failure 
is increased to the range 000013 to 
0.000165, which is censiderably larger 
than the ultimate strain in pure tension, 
but a lesser value than those observed in 
tests. At failure of the beam, from 18 
to 22 per cent of the tension area of the 
beam is stressed beyond the tensile 
strength of the material. 

By the combination theory we find 
the modulus of rupture would lie between 
615 and 760 psi. The ratios of these 
values to the tensile strength are 1.54 
and 1.90, respectively. The strain of 
the ultimate fiber at beam failure would 
lie between 0.00017 and 0.00023 in. per 
inch. We see that by this hypothesis, 
the ranges in the values of the modulus 
of rupture and of the ultimate extreme 
fiber strain overlap the range of values 
obtained from test data. At failure of 
the beam, 36 to 50 per cent of the tensile 
half of the beam is stressed beyond the 
tensile strength of the material. 

By either statistical theory, the modu- 
Jus of rupture and the strain in the 
extreme fiber at failure of beam are 
considerably greater than the tensile 
strength and the ultimate tensile strain, 
respectively, of the material. 

Although computations by the weak- 
est link theory predict values of the 
modulus of rupture and ultimate strain 
of the extreme beam fiber considerably 
above the tensile stress and ultimate 
tensile strain, these values are below 
those obtained on beam tests. The 
theory predicts that an appreciable 
area of the beam will be stressed beyond 
the tensile strength of the material. On 
the other hand, the combination theory 
predicts a modulus of rupture approxi- 
mately equal to the mean observed value 
for one assumed stress-strain relation, 
and much higher for another assumed 
stress-strain relation. The combination 
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theory predicts an even greater per- 
centage of the beam being stressed 
beyond the tensile strength of the 
material. 

Tue Tension Test BRIQUET 

The tension test briquet has been 
selected for analysis because the internal 
stresses vary so widely throughout the 
specimen. The tension briquet is at 
present used as test specimen in five 
A.S.T.M. specifications for plasters. 
The briquet has long been used as a 
strength test specimen in portland 
cement specifications. A few years ago 
the use of the cube was made optional, 
but in the war emergency the briquet 
was the mandatory test specimen. In 
spite of widespread condemnation for 
many years, steps have only now been 
taken to replace it by the compression 
Because of the wide use of the 
briquet as a test specimen for portland 
cement and other materials, and the 
large amount of data thus obtained, an 
analysis of the briquet may be of service 
through preventing the misinterpretation 
of the data. 

The strain distribution of the briquet 
under tension has been studied photo- 
elastically by Coker and Filon (10, 11). 
The stress distribution of the American 
standard briquet at the transverse cen- 
terline, for material obeying Hookes’ law, 
is approximately as shown in Fig. 4(a) in 
which s, is the longitudinal stress and 
Although Coker 
and Filon do not present the stress 
distribution for the American briquet, 
Coker indicates (10) that the stress 
reaches a value 70 per cent greater than 
the mean longitudinal stress at mid- 
section. 

5 Specifications for Gypsum Plasters 40), 1944 
Book of A.S.T.M. Standards, Part II, p. 

Specifications for Gypsum Molding Ace (C 59 - 40), 
——e ations for Gypsum Pottery Plaster (C 60 - 40), 
for Keene’s Cement (C 61-40), Jbid., 


Specifications for Calcined Gypsum for Dental Plasters 
(C 72 - 40), Ibid., p. 133. 
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The strain distribution in the briquet 
is not the same for other sections parallel 
to the one at midlength, but in the waist 
region, for a length of about 0.4 in. along 
the longitudinal axis, in which almost all 
failures occur, the strain distribution 
does not depart materially from the 
distribution at midlength. In applying 
the statistical theory of strength, it was 
assumed that failure occurs in the 0.4-in. 
long middle portion of the briquet; that, 
in this length, the briquet is of constant 
width and thickness (1 by 1 in.); and 
that the stress distribution in any trans- 
verse section within this length is the 
same as at midlength. 

Experimental data for the computa- 
tion of the strength of the briquet upon 
statistical theory were obtained on some 
tension specimens of the type of those 
used by Schuman and Tucker (5). A 
group of briquets made of the same 
mortar was tested at the age of 7 days. 
It would have been desirable to use the 
1:3 standard Ottawa sand mortar with 
the consistency that is used in the speci- 
fication tests. However, that mortar is 
harsh and dry and the test method re- 
quires vigorous thumbing of the mortar 
in the fabrication of tension test briquets, 
a process not feasible for the cylinder. 
The plastic mortar used in the specifica- 
tion cube tests was therefore selected. 
The consistency of this mortar was such 
that the briquets and the cylinders could 
be fabricated in an identical manner by 
gentle puddling. 

The test results were as follows: 


|. 
| 
#28 
SWE | S| 
4-in. diameter | | 
em. . Ss 4 312 2.2 (0.72 per cent) 
Briquets . a 18 307 30.7 (10 per cent) 


The number of test specimens may 
appear inadequate. However, the re- 
sults were obtained through controlled 
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experiment, the variations in strength 
being essentially due to the heterogeneity 
of the material. Therefore, the reliance 
which may be placed upon the results is 
given by the calculated statistical param- 


eters. The mean strengths have 

standard deviations of —= = 1.1 psi. 
v4 
30.7 

(0.35 'per cent) and = 7.5 psi. 


Vv 18 
(2.4 per cent) for the cylinder and the 
briquet, respectively. The most im- 


TUCKER ON STRESS AT FAILURE OF BRITTLE MATERIALS 


969 


a standard deviation of 2.2 psi. (0.72 per 
cent) can therefore be regarded as 
representative. 


> 


Method of Statistical Analysis: = 


In order to facilitate the computations, 
the strength of the 4-in. diameter test 
cylinder has arbitrarily been set at 100, 
and all strengths and standard deviations 
have been expressed in terms of this 
value. 

The standard deviation of the strength 


portant constant for our statistical of the test cylinder o, was assumed to be 
~ 
| g | 
“| | Mean : St ength 
> | > reng 
: 3 mem | LA 
= | 2 
| | | 
(a) Stress in briquet (b) (c) Stress 
composed of ma- or condition at according to sta- 
terial obeying (a) tistical theory 
Hooke’s law. = (seetext), 


Fic. 4.—Stresses and Strains in Transverse Midsection of Briquet. 


calculations is the standard deviation of 
the strength of the mortar cylinders. 
The standard deviation of the strength 
of concrete cylinders with 3-aggregate 
was 6.0 per cent. It has been shown 
(1) that the standard deviation of the 
strengths of concretes and mortars is 
roughly proportional to the maximum 
size aggregate present. Since the stand- 
ard deviation of concrete with ‘3-in. 
aggregates is approximately 6.0 per cent, 
then the standard deviation of mortar 
with fine testing sand (maximum size 
approximately 0.03 in.) would be not 
more than 1 per cent. ‘The tests, giving 


the rounded value of 0.8 per cent of M,, 
the mean strength of the test cylinder. 

We have previously indicated that 7 
failure is assumed to occur in a section 
of the briquet which is 0.4 in. long and, 
therefore, will first compute the strength 
characteristics of a tension cylinder 4 in. 
in diameter and 0.4 in. long from the 
strength characteristics of the 4-in. 
diameter, 8-in. long specimen. 

The long cylinder is 20 times the 
length of the short cylinder. If the 
short cylinder is taken as our unit length 
(7) then the long cylinder is n = 20 units 
inlength. Ifo, is the standard deviation 
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and M;, the mean strength of the cylinder 
of unit length, then from Tippett’s tables 
(6, 7) for n = 20, we find that the mean 
strength of the long cylinder is M, — 
1.870,, and its standard deviation is 
0.530,. The standard deviation of the 
long cylinder was assumed to be 0.8 per 
cent; hence 0.8 per cent = 0.530, , or o; 
= 1.5 per cent and the mean strength of 
the short cylinder is M, — 1.870,, or 
318 psi. (103 per cent) of the test 
cylinder, M,. 
For our analysis, we have considered 
the briquet to possess strength charac- 
teristics equivalent to those of a section 
1 in. square and 0.4 in. long, in which the 
strain distribution is the same as at the 
midsection of the briquet. This section 
will be assumed to be composed of a 
number of small fibers. Forty fibers 
were selected as being adequate for our 
analysis. Thus, each fiber has a cross- 
section of 0.025 sq. in. The short 
cylinder has therefore the area of 500 
such fibers. 
In the weakest link theory, if the mean 
strength of the fiber is M,, and its 
standard deviation is o,, then by Tip- 
pett’s tables (6, 7) the strength and 
standard deviation of the strength of the 
group of 500 such fibers will be M, — 
3.040, and 0.370; , respectively. Since 
the standard deviation of the strength of 
the short cylinder theoretically has been 
shown to be 1.5 per cent of M,, then 
1.5 
0.37 
cent of M,. The mean strength (1.03 
M ,) of the short cylinder is M; — 3.040; . 
Hence the mean strength of the fiber M; 
= 1.03 M,. + 3.040, = 1.153 M.. 
On the other hand, by the combination 
theory, the standard deviation of the 
strength of the fiber is 1.5 ~/ 500 = 33.5. 
Its mean strength will be 2.45 M, as may 
be determined by using the values in 
Tippett’s tables for 2 = 500. 


1.5 = 0.370;, and o, = = 4.05 per 
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Theoretical Strength of the Briquet: — 


Classic Maximum Stress Theory.—Ac- 
cording to this theory, the test specimen 
fails when any point is stressed to the 
ultimate tensile stress, and consequently, 
no portion of the specimen is stressed 
beyond the tensile strength of the 
material. In Fig. 4(@) which presents 
the stress distribution across the briquet 
at midsection, the maximum stress at 
the waist of the briquet is 70 per cent 
greater than the mean stress, hence the 
strength of the briquet in a material 
obeying Hooke’s law would be 59 per 
cent of the strength of the material, as 
determined in pure tension. 

The longitudinal stresses in the plastic 
range were roughly estimated from those 
in the elastic range given in Fig. 4(a) as 
follows: The longitudinal stresses in 
Fig. 4(a) were computed for an extreme 
fiber stress of 400 psi., the assumed tensile 
strength of the material. The stresses 
were then multiplied by the ratio of 
stresses for a given strain according to 
Eqs. 2 and 1, or Eqs. 3 and 1, depending 
upon the assumed stress-strain relation. 

If the material possesses the stress- 
strain characteristics of Eq. 2, the briquet 
would have a strength equal to 62 per 
cent and if the characteristics of the 
material were those of Eq. 3, then the 
briquet would have a strength equal to 
66 per cent of the strength of the material 
as tested in pure tension. 

Statistical Theory.—The strength of 
the briquet can be calculated on the 
basis of statistical methods by assuming 
that the briquet is composed of a number 
of fibers, the strength characteristics of 
which we have already computed. The 
probability of the fibers resisting the 
stresses imposed upon them by a definite 
loading is computed, and thus a strength- 
probability curve is determined. The 
mean strength and the standard devi- 
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ation in the strength is then determined 
from this curve (3). 

The strength which would be predicted 
by the weakest link theory has not been 
determined, preliminary computations 
showing it to be much below the true 
tensile strength of the material. 

The strength of the briquet by the 
combination theory of strength has been 
computed on the assumption that the 
material obeys Hooke’s law. The re- 
sults are given in Table II. The per- 
centage of the area of the cross-section 
of the briquet stressed beyond the tensile 
strength of the material is also given. 
The computations were made for each 


TABLE II.—CALCULATED 
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deviation of the strength of the briquetis 
23 times the 10 per cent value which was 
determined experimentally. 

The strength of the briquet, as com- 
puted by the combination theory and 
the stress-strain relation of Eq. 3, is 98 
per cent of the tensile strength of the 
material. This is an exact check upon 
experiment, but the computed standard 
deviation of the briquet strength is twice 
that found by experiment. 

A final computation based on the 
combination theory has been made, in 
which the lateral stresses (s,) were 
considered. Figure 4(b) gives the longi- 
tudinal strain, assuming Poissons Ratio 


BRIQUET STRENGTHS. 


Standard Standard 


| ot Strengeh | Deviation of 
Stress-Strain Relation of Cylinders | of Briquets | 
in percent | ¢ ylinder |% per cent |“ Strength 
of Mean f Mean 
| | Strength Strength 
Law ( Eq. 1) Sy 0.59 
Classic | E Sy 0.62 
| Hooke’s Law (Eq. 1) | a 0.8 0.88 15 
: — Hooke’s Law (Eq. 1) S 2.0 1.00 30 
Law (Eq. 1) | = 4.0 1.11 
0.8 0.98 20 
| Eq. 3 | Sow oss 0.8 1.03 | 10.4 
of three selected standard deviations in (yu) = A first approximation of the 


strength for the 4-in. diameter test 
cylinder. It is thus shown that the ratio 
of the strength of the briquet to that of 
the test cylinder will vary with the 
scatter in strength of the material. The 
scatter in strength will vary with a 
number of variables, in particular, with 
the size of aggregate (1); thus the aggre- 
gate size in a test mortar will affect the 
strength of the briquet. The computa- 
tions show a briquet strength equal to 88 
per cent of the strength of the tension 
test cylinder which had a standard 
deviation of 0.8 per cent, whereas the 
test results show that under these condi- 
tions the strengths would be approxi- 
mately equal. The computed standard 


stress distribution beyond the elastic 
range was obtained by assuming that the 
longitudinal strain was equal to that as 
given in Fig. 4(b), and that the longi- 
tudinal stress for this strain is given by 
Eq. 3. The probability of failure of any 
fiber was assumed to be the same as that 
for a fiber equally strained by an sy, 
stress alone. 

This computation gives results which 
closely approximate test results both for 
the mean strength and the standard 
deviation in strength. It may be noted 
that 42 per cent of the cross-section is 
stressed beyond the tensile strength of 
the material. The s, stress distribution 
is given in Fig. 4(c). 
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It has been shown that statistical 
theory predicts that the mean stress at 
failure of the briquet is approximately 
the same as the tensile strength of the 
material. 

The fact that the strength of the 
briquet may be a close approximation 
to the tensile strength of the material is 
in no way to be construed as a recommen- 
dation for the use of the briquet.° On 
the contrary, the briquet should be 
discarded, if for no other reason than the 
ratio of briquet strength to tensile 
strength of the material is not constant, 
but depends on a number of factors, such 
as strength dispersion of the material, 
its stress-strain relation, and the effects 
of the volume changes with age, which 
are accentuated by the shape of the 
briquet. 


COMPRESSIVE TEST CONCRETE 
CYLINDERS 


It is our purpose here to point out the 
effect of tensile stress on the strength of 
concrete cylinders. 

Filon (12) has shown that tensile 
stresses may be present in a very small 
volume distributed near the lateral sur- 
face and midlength of the cylinder, if the 
ends are restrained against lateral expan- 
sion. With completely restrained ends 
the tensile stresses are about 4 per cent 
of the numerical value of the mean com- 
pressive stress. The tensile strength of 
concrete nearly always is within the 
range of 6 to 15 per cent of the compres- 
sive strength; therefore, there is negligi- 
ble chance that the failure of a concrete 
cylinder will be caused by tension. Be- 
cause of the small volume in which tensile 
stress may occur, the probability that the 
cylinder would fail in tension is negligibly 
small even if the tensile strength were 
only 4 per cent of the compressive 
strength. This statement is based on 
the analysis of the beam and of the 
briquet, in which, at failure, it has been 
shown that stresses much in excess of the 
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mean tensile strength were present in 
both specimens over a much larger por- 
tion of the volume than is subjected to 
tensile stress in the cylinder, 


It has been shown that at the failure 
of nonuniformly stressed specimens high 
local stresses may be present in an 
appreciable volume of the specimen. 
These high local stresses may greatly 
exceed the strength of the same material 
as determined by testing specimens in 
which the stress is uniformly distributed. 

The modulus of rupture of a concrete 
beam was computed according to a theory 
involving statistical considerations and 
found to be up to 90 per cent greater than 
the tensile strength of the material, with 
an ultimate strain in the extreme fiber of 
1.84 times that for specimens subjected 
to uniform tensile stress. This is in 
much better agreement with the usual 
test findings than the strength computed 
by the classic theory of strength. 

According to the classic maximum 
stress theory of strength a test briquet of 
mortar obeying Hooke’s law will have a 
predicted strength of only 59 per cent of 
the true tensile strength of the mortar; 
in a briquet with a characteristic stress- 
strain diagram, the strength would be, by 
classic theory, 66 per cent of the true 
tensile strength. 

Computations which involve statistical 
considerations show that, at an early age, 
the strength of a briquet might equal the 
true tensile strength of the material. 
However, the ratio of the strength of the 
briquet to the true tensile strength of the 
material is not a fixed quantity, but 
depends on a number of factors, such as 
the strength dispersion of the material 
and the degree to which the material 
approximates Hooke’s law. Not only 
the strength but the strength distribu- 
tion, as measured by the standard devi- 
ation as computed by statistical theory, 
agrees with test results. 


CONCLUSIONS 
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It has been also demonstrated, even 
under test conditions which produce 
tensile stress in compression tests of 
concrete, the specimen will not fail in 
tension and the tensile strength of the 
material does not affect the compressive 
strength results. The same conclusion 
would apparently be valid for most other 
brittle materials. 

Local stresses greatly exceeding the 
strength of the material may be present 
in test specimens such as beams and 
briquets for materials in which the 
strength dispersion is large. The closer 
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the stress-strain relation of the material 
approaches Hooke’s law, the higher these 
local stresses will be. For materials 
obeying Hooke’s law, the local stresses 
in beams and in briquets may be as 
much as approximately 50 per cent 
greater than the tensile strength of the 
material. For concrete beams and mor- 
tar briquets, the local stress may be 
approximately 17 to 40 and 35 to 45 per 
cent higher, respectively, for beams and 
briquets, than the tensile strength of the 
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Mr. W. S. Evans! (by letter).—Mr. 
Tucker’s paper is very interesting and 
brings statistical methods into the field 
of physics or mechanics where, as yet, 
it is seldom seen. If the true tensile 
strength of concrete materials were as 
indicated by the briquet test or the 
cylinder test, and if the results of the 
beam tests as usually made and inter- 
preted gave a real measure of the extreme 
fiber stress at bending, then Mr. Tucker’s 
deductions would be more nearly correct 
and certainly more useful. 

If a load could be applied with no 
eccentric effect to a concrete specimen 
whose shape was such that the effect of 
the load on all transverse planes in the 
minimum cross-section was uniform, by 
a gripping device which did not cause 
serious local effects, some small areas in 
some plane would undoubtedly fail be- 
fore the specimen fails asa whole. When 
an area fails, which is so large or under 
such high stress that the stresses cannot 
readjust themselves, then the specimen 
fails. There is no question about the 
magnitude of this stress as given by Mr. 
Tucker. The question arises as to 
whether or not the theory will apply to 
the cement briquet. As stated by Mr. 
Tucker, Coker and Filon’s work indi- 
cated that stresses near the edge of the 
briquet were 70 per cent higher than the 
average. Work by the writer? indi- 
cated higher stresses but both appear too 
high. Work by Matthew McNeary? 


1 Professor of Civil Engineering, University of Maine, 
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Proposed Tension Grips and Test Pieces for Testing Port- 
land Cement Mortars,’ Bulletin No. 39, Maine Technology 
Experiment Station, University of Maine, Orono, Maine. 


DISCUSSION 


involving large numbers of tests of a 
shape and in a device that should have 
given nearly even distribution of stresses 
indicated that 20 per cent might be more 
nearly correct. In any case, the most 
probable place for failure to start is in 
the areas of high stress and failure would 
start in these areas even though they 
were the strongest areas in the specimen. 
When large numbers are considered, the 
strongest fibers are as likely to be on the 
outside as on the inside and the variation 
would average out. It would appear 
that the average strength of mortar as 
indicated by the briquet test would be 
the apparent strength multiplied by 
some kind of a factor to account for the 
uneven distribution of stress. Call this 
factor 1.25 for the present. 

The data which Mr. Tucker presents 
and the work by Gonnerman and Schu- 
man referred to by Mr. Tucker indicate 
that the cylinder is equally as faulty as 
the briquet and what has been said of 
the latter also applies to the cylinder. 
Less is known about the cylinder and 
hence a factor to cover the effects of 
gripping can hardly be estimated. 

A beam test is also difficult to make 
and interpret. Loading at the third 
points causes the moment to be uniform 
and the shear to be zero over the middle 
third of the beam. This is an advan- 
tage. However, the ratio of length to 
depth and the effect of concentrated 
loads may be questioned. The effect of 
a concentrated load is to decrease the 
fiber stress due to bending on the oppo- 
site side of the beam. The stress pat- 
tern must be complicated and could be 
determined best by photoelasticity. 
However, attempts to apply the theory 


74 


Pe 
* 
5 
a 
th: 
be 
irc 
as: 
ab 
br 
mi 
pa 
wi 
sti 
cle 
th 
br 
a 
th 
b! 
th 
m 
| re 
| ps 
ac 
st 
ex 
of 
| I 
cc 
| 
lo 
m 
ol 
* st 
| 
in 
| 
1. 
— 


of a 
have 
nore 
nost 
is in 
ould 
they 
nen. 
the 
| the 
tion 
pear 
r as 
1 be 

by 
- the 
this 


ents 
chu- 
cate 
y as 
d of 
ider. 
and 
s of 


nake 
third 
form 
iddle 
van- 
h to 
‘ated 
ct of 
the 
|ppo- 
pat- 
d be 
city. 
\eory 


DISCUSSION ON STRESSES AT FAILURE OF BRITTLE MATERIALS 975 


of elasticity’ indicate that 20 per cent is 
a conservative estimate. Since most of 
this reduction is due to a reduction in 
bending moment the stress as computed 
from the various stress-strain relations 
assumed by Mr. Tucker would also be 
about 20 per cent too large. If the 
break occurs at or between loads, shear 
may be neglected. 

The results on Fig. 2 of Mr. Tucker’s 
paper show that a bending moment 
which would cause a maximum fiber 
stress of 400 psi. using his Eq. 3 and the 
classic method, would indicate a modu- 
lus of rupture (Mc/J) of 450 psi., an in- 
crease of 123 per cent. Now combine 
this relationship with the short beam 
effect and the known variation in the 
briquet and see what happens. 

Let it be assumed that a briquet shows 
a strength of 400 psi. which means that 
the outside fibers must have been capa- 
ble of resisting 480 psi., a stress which 
the extreme fibers in a beam of the same 
material should resist. This would cor- 
respond to a modulus of rupture of 648 
psi. as ordinarily computed, taking into 
account the length of beam and stress- 
strain relationship assumed above. The 
explanation is as follows: If the modulus 
of rupture is 648, the moment (M) from 
which this is computed is 648 K S (S = 
I,c for the beam). Assuming M to be 
correct, the fiber stress should have been 
§ of this or 576 psi. Taking into 
account the length of beam and effect of 
load concentrations, the M was actually 
> X 648 S and the actual fiber stress 
was ? X 576 = 480 psi. which the 
mortar in the briquet should stand. In 
other words, mortar, the apparent 
strength of which is 400 psi. when tested 
as a briquet will resist an apparent bend- 
ing moment which gives a modulus of 
rupture of 648 psi. The ratio here is 
1.62, a commonly experienced value. 


*S. Timoshenko, ‘ of Elasticity,’’ McGraw-Hill 
Book Co. , Inc., New York, N. Y., 1934, p. 95. 


All relationships applied have consider- 
able experience and physical theory to 
back them up. 

The writer has done considerable 
statistical work himself and thoroughly 
believes in it. In this case, however, it 
is felt that the distribution of stress 
governs the strength of concrete speci- 
mens and this distribution is not a mat- 
ter of chance. Variability in the material 
can be overcome only by better methods 
of fabrication and by averaging large 
numbers of tests. 

Mr. Joun Tucker, Jr. (author’s 
closure by letter)—The object of the 
paper was to demonstrate, with the aid 
of statistical methods, that stresses 
greater in magnitude than those usually 
considered as the (tensile) strength of 
the material may be present in a specimen 
at failure. 

Mr. Evans’ discussion substantiates 
this finding, even for the elongated 
briquet, whose use was suggested by 
Coker and Filon.® 

The concentrated loads applied in the 
testing of beams at third points, as Mr. 
Evans cites, causes the stresses to differ 
from those computed by usual methods. 
This subject has been considered. The 
stress in the extreme tension fiber (be- 
tween load points) will be increased up to 
3 per cent, not decreased by 20 per cent 
as Mr. Evans claims. The modulus of 
rupture of a beam of the depth to span 
ratio used in our paper according to 
statistical theory will be decreased by 
the small amount of about 1.5 per cent. 

The analysis of the paper was not 
based on tensile strengths of specimens 
gripped laterally, but upon specimens in 
which the load was applied through bolts 
embedded in the ends. Thus values 
closely approximating the true tensile 
strength of the material were obtained. 


6 E. G. Coker and L. N. G. Filon, “Photoelasticity,” 
Cambridge University Press, C ambridge, England, 1931. 

6 Discussion of paper by John Tucker, ‘Jr., “Statistical 
Theory of the Effect of Dimensions and of Method of 
Loading upon the Modulus of Rupture of Beams,” Proceed- 


oo ings, Am. Soc. Testing Mats., Vol. 41, p. 1089 (1941), 
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_ EFFECT OF LENGTH ON THE STRENGTH OF COMPRESSION — 


TEST SPECIMENS 


By Joun TUCKER, JrR.! 


SYNOPSIS 


When compression test specimens of concrete are shorter than twice their 
least width it is customary to adjust the test values by the use of a single set 
of correction factors, such as those in Standard Methods of Securing, Preparing, 
and Testing Specimens from Hardened Concrete for Compressive and Flexural 
Strengths (C 42 — 44),? the corrections depending only upon the ratio of length 
to least width. This paper demonstrates that the extent of the variation in 
strength with length is dependent upon several distinct factors. For example, 


the relation between strength and slenderness of specimen varies with the _ 


strength of the concrete and therefore the use of a single set of correction factors 
is not warranted. Much more reliable estimates of strength may be obtained 
by limiting the range of slenderness values to those for which the correction is 
small, even though this may require diameters less than those usually consid- 
ered acceptable. Although the numerical values which are given apply to con- 
crete, the principles are applicable to other brittle materials. OB 


The increase in strength with de- 
crease in the length-diameter ratio of 
compression test specimens of brittle 
materials is a phenomenon well known 
and well substantiated (1, 2, 3). A.S. 
T.M. Standard Methods of Securing, 
Preparing, and Testing Specimens from 
Hardened Concrete for Compressive and 
Flexural Strengths (C 42 — 44)? gives 
factors to correct the strengths of con- 


crete specimens of any length-diameter 


ratios from 0.50 to 1.75 to that of a 
standard length-diameter ratio of 2.0. 

It is the purpose of this paper to show 
that the reduction in strength with in- 
crease in length-diameter ratio may be 
divided into three regions, in each of 


1Chief, Cement and Concreting Materials am 
National Bureau of Standards, Washington 25, D. C 

21944 Book of A.S.T.M. Standards, Part i, p. 460. 

3 The boldface figures in parentheses refer to references 
at end of paper, p. 984. 


which there is a separate cause for the 


reduction. Figure 1 shows the typical 
observed variation in compressive 
strength with length-diameter ratio. 


Compressive Strength 


Length -diameter Ratio 
Fic. 1.—Typical Relation, Strength with //d 
Ratio for Concrete. 


Attention is called to the fallacy of 
using a single set of correction factors, 
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since, as will be shown, a separate set of 
factors is required for concrete of every 
strength. It is suggested that the ratio 
of the lengths of the specimens to their 
diameters, or their //d ratios be limited 
between certain values which could be 
easily secured and for which the correc- 
tion would be small. This limitation 
in the J/d ratio of the specimen may 
entail the use of specimens with diam- 
eters less than has been considered the 
minimum; the use of such specimens is 
shown to be sound. 


Lonc COLUMN SPECIMEN: REGION 
OF FAILURE BY BUCKLING 


Test specimens that are sufficiently 
long and slender fail by buckling. This 
method of failure falls in the first of the 
three regions into which failures are 
segregated. This region is that for 
specimens with length-diameter ratio 
greater than that indicated by B in Fig. 
1. Such specimens are not within the 
scope of the present paper and will not 
be considered further. 


SHORT COLUMN SPECIMEN: 
INTERMEDIATE REGION 
OF FAILURE 


In brittle materials, there is a least 
length at which buckling will occur; 
specimens shorter than this will fail by 
shear in a plane inclined to the axis. 
According to the ordinary theory, for 
lengths between the minimum at which 
buckling will occur and the length where 
the shear failure becomes restrained 
because of the shortness of the speci- 
mens, the strength will be constant. 
Short columns fal] in the second region, 
indicated by the limits of A and B in 
Fig. 1. The point A at which shear 
failure becomes restrained corresponds 
to a specimen length of approximately 
1.5 times the diameter, the exact value 
depending upon the material. 

In the following analysis, attributed 
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originally to Coulomb, the shearing 
stress on a given inclined plane is as- 
sumed to be the summation of a fric- 
tional force per unit of area and an 
effective shearing stress in that plane. 
Let us consider a prism taken from the 
cylinder, 1 in. in thickness, and with the 
base 1 in. square. We then have the 
condition illustrated in Fig. 2. While 
the force f, on the base (of unit area) 
of the prism is therefore a stress, the 
equilibrant f. onJthe inclined face AC 


A 
Compressive 


Strength 


.—Shearing Stress in Plane Inclined at 
Angle a. 


(area = sec a, hence greater than unity) 
is the total force, and not a stress. The 
component of the equilibrant f. acting 
in the plane AC is expressed as follows: 


where: 


F, = f./cos a (shearing stress times area AC) 


and a = the inclination of the plane, 
¢@ = the hypothetical angle of fric- 
tion, 
f. = the effective shearing stress on 


the section, and 
fe = the compressive stress on the 
specimen. 


> 
| 
f-sina = F, + f.cos a-tan @.....(1) 
of 
tors, 
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Consequently: 


fe = fe (sin @ — cos*atan ¢)...(2) 


Differentiating gives: 


= f. (cos? a — sin? a + 2cosa@- sin a+ tan ¢) 
a 


df. 


Setting = = 0, to find f, maximum 
a 


and solving for tan ¢, and setting a = 
ao for the plane of maximum shear, we 
get 


sin? ap — Cos? 
= 


tan = 
we 
2 
COS Z a (3) 
From this we get 


a = 45° (4) 


Equation 4 has been applied (4) in 
the determination of the friction angle 
¢, by measurement of ao, the angle of 
shear. These investigations have meas- 
ured ap the angle of rupture, and com- 
puted ¢@ to be between 20 and 30 deg. 
An accurate measurement of the shear 
angle is difficult, particularly so for 
concrete, because of the highly irregu- 
lar and uneven surface of fracture. In 
the opinion of the author it is impossible, 
even approximately, to determine the 
shearing angle for concrete by direct 
measurement. It appears to be greater 
than 60 deg. with a corresponding value 
for @ of 30 deg. It would appear, how- 
ever, from the analysis of the failure of 
the shorter, restrained, specimen, given 
later, that a value of ¢ = 15 deg., with 
corresponding ap» = 52.5 deg. is more 
representative. 

It can readily be seen that the shortest 
specimen in which an unrestrained shear 
failure can occur has an //d ratio of tan 
ap. We have therefore d tan 52.5 deg. 
= 1.3 das the length of such specimens. 

In specimens whose length exceeds 


the quantity d tan ao, the inclined plane 


_ of shear failure may vary in position 


along the axis for a length equal to the 
quantity Jo = 1 — d tan a. In con- 
sidering two groups of specimens of one 
diameter and different lengths, both 


_ greater than d tan ap, the quantities J, 


for each are designated as the excess 
lengths, and the shorter one as the unit 
excess length.* The longer specimens 
will then contain units of excess length. 

If o is the standard deviation of the 
strengths and M the mean strength of 
the shorter specimen, then the mean 
strength and the standard deviation of 
the strength of the longer specimen 
may be found, under the numerical 
value for as given in Tippet’s tables 
(5, 6). It may be noted that » need 
not be an integer. Fractional values of 
n may be found by interpolation in the 
tables. Thus, for example, if tan ap = 
1.3, and we are comparing specimens of 
length diameter ratios of 3.3 and 6.3, 
the net lengths of the specimens would 
be 3.3 — 1.3 = 2.0 and 6.3 — 1.3 = 5.0, 
respectively. The unit excess length 
would be 2, and the value of n, for the 
longer specimen, would be 

The reduction in strength with de- 
crease in length has been determined 
experimentally by a number of investiga- 
tors. We have selected the data of 
Gonnerman (2), Hutchinson (1), and 
Johnson (3). It is noted that of the 
three sources of data, Gonnerman’s 
results were given for the greatest range 
of values of //d in the region of short- 
column specimens. Although Hutchin- 
son’s data are quite comprehensive for 


4 Theoretically the unit excess length should be of the 
magnitude such that the distribution of the strengths of 
the specimens are normal. The distribution of the 
strengths of longer specimens will be skew, the longer 
the specimen, the greater the skew. Actually the dis- 
tribution of the strengths of test specimens does not 
depart appreciably from the normal form. Therefore the 
numerical value which may be selected as the unit excess 
length is arbitrary. 
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Fic. 3.—Data by Gonnerman on Effect of Length on Strength. 


I/d values ranging from 0.5 to 2.17, 
it may be noted that they afford only 
the limited range of approximately 1.3 


Table I gives the relative strengths of 
concrete specimens having lengths from 
1.5 to 4.0 diameters, as determined by 
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to 2.17 for our present analysis. John- 
son’s data are restricted to the range in 
I/d values of 1.00 to 2.83. 

Gonnerman’s data are illustrated in 
Fig. 3. The straight dotted line in Fig. 
3 drawn through points for //d > 1.2, 
was determined by the author, using the 
method of least squares. 


TABLE I.—STRENGTHS RELATIVE TO THE 
STRENGTH OF SPECIMENS WITH I/d = 2.0. 


| Gonnerman Data | a: 
Stand 
C42-44) Eo | eu) 
is | & 
(1) (2) (3) | (4) | (5) | ©) (7) 
1.041 | 1.025 0.991) 1.016, 1.04 1.04 
a 1.00 | 1.00 | 0.975) 1.00 | 1.00 | 1.00 
ae | 0.987% | 0.991) 0.970) 0.995) 0.992 | 0.99 
0.926% | 0.945) 0.942) 0.967) 0.9647! 0.955% 


0.862% | 0.900) 0.910) 0.933). 


Extrapolated. 

’ Author’s curve adjusted to correspond to strength 
<i for 1/d = 2.0, by dividing values in Column 4 by 

© Best representative (curved) line as determined 
by the author from the original data. 


Gonnerman, Hutchinson, and Johnson. 
The values attributed to Hutchinson 
and Johnson are from curves determined 
by the author, which differ to a small 
extent from those offered in the original 
papers. 

Table II gives the reduction in 
strength according to statistical theory, 
and the reductions as found by Gonner- 
man, Hutchinson, and Johnson. In 
computing the theoretical reduction in 
strength with increasing length, the 
specimen with //d = 2.0 has been chosen 
as that having the unit excess length. 
Thus, 2.0 — 1.3 = 0.7 is the unit excess 

TABLE IL.—THEORETICAL AND OBSERVED 

REDUCTIONS IN STRENGTH. 


Observed Reduction in 


Theoreti- 
va cal Reduc- Strength, per cent 
tion in 
Strength |Gonner-) Hutch- | John- 
man® | inson son 
| 1 0 0 0 
ree 2.4 0.7¢ 3.3 3.6 4.5 
3.9 1.02¢ 6.7 


® Table I, column 5. 
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length, and specimens with //d = 3.0 

and 4.0, respectively, will have excess 
3.0 — 1.3 4.0 — 1.3 

lengths of 07 2.4 and 07 

= 3.9 units. The theoretical reductions 

in Table II were obtained by interpolat- 

ing in Tippet’s table (5), (6). 

From Gonnerman’s data, Table II, 
at //d = 3.0 we find a theoretical reduc- 
tion of 0.7¢ corresponds to an observed 
reduction of 3.3 per cent, and the stand- 
ard deviation « would be == = 4,7 
per cent. At l/d = 4.0 we find 1.02¢ 
corresponds to an observed reduction of 
6.7 per cent, hence the standard devia- 
tion « would be 6.6 per cent. The actual 
standard deviation of the strengths of 
Gonnerman’s test cylinders is unknown; 
therefore, the substantiation of the the- 
ory in this case lies in the values of 4.7 
and of 6.5 per cent being in no way dis- 
cordant with ordinary findings. 

In Hutchinson’s tests, the strength 
reduction, by increase in //d from 2.0 
to 3.0 is 3.6 per cent. This corresponds 
to a standard deviation in strength of 5 
3.6 
per cent). This is a value that is within 
the range to be expected. 

Using Johnson’s data, however, we 
are in a better position, as he gives the 
scatter in strengths in the form of the 
mean deviations. The standard devia- 
tion ¢, computed from the mean devia- 
tion, at //d = 2, is 4.5 per cent. In 
Table II we find that the specimens with 
1/d = 3 will be reduced by the value of 
0.7¢ and in Johnson’s tests the actual 
strength reduction is 4.5 per cent. Thus 
0.7¢ = 4.5 per cent or o = 6.5 per cent, 
compared to the experimental 4.5 per 
cent reduction. Or, inversely, with a 
scatter in strength of o = 4.5 per cent 
for specimens with //d = 2.0, we should 
have a reduction of 0.7¢ = 0.7 XK 4.5 = 


per cent (0.7¢ = 3.6,¢0 = 


3.2 per cent in strength, compared to 
the reduction of 4.5 per cent which was 
found. 

The one instance that we have in 
which there are some data on both the 
strength dispersion and the reduction in 
strength gives experimental and com- 
puted values of 4.5 and 3.2 per cent, 
respectively, for the reduction in 
strength. These may be considered but 
a rough approximation. However, when 
we consider the experimentally reduced 
strength of 95.5 compared to the theo- 
retical value of 96.8 per cent the check 
upon theory appears more convincing. 
We must remember that tests of this 
nature are subject to innumerable vari- 
ables which tend to vitiate the results 
obtained by computation. The hypoth- 
esis postulates that all specimens are 
made of a uniformly heterogeneous 
material. This ideal is far from being 
achieved in specimens of concretes 
fabricated in different heights, with 
resultant differences in water gain on 
the upper surface. Johnson (3) at- 
tempted to eliminate this by fabricating 
the specimen on its side, but introduced 
another variable in that the material was 
not uniform in planes parallel to the axis 
of loading. The scatter of the points 
which are averages of all specimens of 
one length from the curve representing 
Johnson’s data for all sets of tests, indi- 
cates the many uncertainties present in 
such an intricate study. 

We have shown that a reduction in 
strength is to be expected from the 
Statistical theory of the strength of ma- 
terials, and the strength reduction experi- 
mentally observed is of the same order 
as that predicted by the theory. The 
reduction in strength, by statistical 
theory, is a function of the size of the 
specimen, the maximum size of aggregate 
in the mix, and undoubtedly other 
variables. 
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> | SHORT SPECIMEN: REGION OF | 
‘ RESTRAINED FAILURE 


As shown previously, the shortest 
n specimen in which unrestrained shear 


e failure may occur has a length / = d tan 
” ay if the ends of the specimen are com- 
pletely restrained. 

“ For lengths less than d tan ap it may be 
t assumed that failure occurs in the plane 
n 
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: Fic. 4.—Theoretical Increase in Strength with | 
in Decrease in Length. 

in or planes which intersect one upper edge 
he of the specimen, and the opposite lower 
1a- corner. The angle of inclination of this 
ri- plane to the horizontal is less than ap. 
der The conditions of equilibrium of Fig. 2 
‘he still hold, and Eq. 2 is valid. If we now 
cal set f. = f., or the shearing strength of 
the the material, we find 
ate 
her f’ 


sin a-cos a — cos?a-tang 


and an intermediate curve which repre- 
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In which f? is the compressive strength of 
the specimen of height / = d tan a. 
The relative strength of specimens for 
lengths / = d tanawhere a < ap may now 
be computed. The theoretical variation 
in strength with length of short specimens 
has been computed for several values of 
the friction angle ¢ and given in Fig. 4. 
Figure 5 shows the two extreme curves 


nN 


fea) 
oO 


mo) 
fe) 
£ 
° 
° 
a 


- Fic. 5.—Relation of Strength to Length 
for Concretes of Several Strengths. 


sent three of Hutchinson’s eight con- 
cretes. Each curve represents the eight 
specimens of varied lengths made from a 
concrete of one nominal strength. The 
strength of the concretes in specimens 
with //d = 2.0 are given in the figure. 
The specimens varied in length from 0.5 
d to 2.17 d. 

It is obvious, by comparing Figs. 4 
and 5, that the family of theoretical 
curves in Fig. 4 is of the same general 
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form as the family of experimental 
curves in Fig. 5. Although there is not 
an exact fit of any theoretical with any 
experimental curve, a theoretical curve 
with some selected value of @ may be 
chosen which will approximate one of the 
experimental curves. We may also cite 
here that the experimental values from 
which Hutchinson’s curves are drawn are 
sufficiently erratic so that only the 
approximate shape of the curve is known. 
There are many factors that tend to 
affect the strength, particularly of the 
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Fic. 6.—Effect of Strength of Concrete upon the 
Ratio of Strengths of Specimens at //d = 0.5 
an 1/d = 2.0. 


shorter specimen, and make a precise 
determination of the strength-length 
curve impractical. 

It is immediately apparent from Fig. 5 
that the increase in strength with de- 
crease in //d ratio is markedly higher for 
weaker than for stronger concretes. To 
demonstrate the effect of the strength of 
the concrete upon the strength increase 
by shortening of the specimen, Fig. 6 
has been prepared. In this figure, the 
abscissas are the strengths of each of the 
concretes in specimens having a length 
of twice the diameter; the ordinates are 
the ratio of the strengths at //d = 0.5 to 
that at //d = 2.0. The two values 
available from Gonnerman’s data shown 
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in Fig. 3, are given, as well as all of 
Hutchinson’s. The values from 
Hutchinson’s data are those from the 
curves representative of the eight points 
for each concrete; for Gonnerman’s 
points, the actual ratios of the observed 
strengths at each length are given. 

From Fig. 6 it is obvious that there is a 
regular relation between the nominal 
strength of the concrete and the strength 
increase caused by shortening the speci- 
men. The two values by Gonnerman 
are consistent with the relation shown by 
Hutchinson’s tests. 


DISCUSSION 


It has been shown that, in the two 
regions of 1/d ratios considered, different 
factors determine the apparent increase 
in strength with decrease in //d ratio, 
each factor being operative only in its 
own region. In the region of shortest 
lengths (below approximately //d = 1.3) 
the change in strength is caused by the 
restraint developed by the angle at 
which failure may occur. ‘The increase 
in strength caused by shortening the 
specimen is a function of the nominal 
strength of the concrete. In the inter- 
mediate region the strength reduction is 
essentially attributable to the strength 
dispersion of the material. 

Since there are distinct factors causing 
strength change with length in the two 
regions, and furthermore since in the 
shortest length region, //d = 1.3, the 
strength increase varies markedly, de- 
pending upon the strength of the con- 
crete, it appears highly desirable to limit 
the //d ratio to the intermediate region. 
Limits of 1.5 to 2.0 for the //d ratios are 
suggested. 

The variation in strength between 
values of //d from 1.5 to 2.0 is not more 
than 4.0 per cent; the average reduction, 
from data by Gonnerman, Hutchinson, 
and Johnson, is 3.2 per cent. If the 
reduction for this difference in length 
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were to be set as 3 per cent, then the 
error left after any correction for length 
would be not more than 1 per cent. 
When compared to the accuracy to be 
expected from tests of field cores with 
heights approximately equal to their 
diameters, where the unevenness of the 
base brings in an added uncertainty of the 
l/d ratio, and consequent uncertainty in 
the correction factor to be applied, the 
limitation of the 1/d ratio between 1.5 
and 2.0 makes for a decided increase in 
the accuracy of the results. 

The use of an //d ratio of 1.5 or more 
for cores taken from pavements and 
slabs, which may be not more than 6 in. 
and in some cases not more than 4 in. 
in depth, would require that the cores 
be as small as 4 in., or even 23 in. in 
diameter. There has been reluctance 
to accept such small specimens, although 
AS.T.M. Method C 42 accepts cores 
three times the diameter of the largest 
size aggregate. We should differentiate 
between an acceptable ratio of the 
diameter of largest size aggregates to the 
dimensions of the space in which it may 
satisfactorily be placed, and the accept- 
able ratio between these quantities for 
cores cut from a concrete. As Gonner- 
man states, for facility in placing the 
concrete the largest size of the aggregate 
should be limited to one third to one 
fourth the diameter of the cylinder and 
even aggregate one half the diameter can 
be placed satisfactorily, although with 
difficulty. The size of aggregate would, 
by reason of facility in placing, be limited 
by the slab thickness—for a 6-in. slab, 
the coarse aggregate would not be over 
2 in.; in a 4-in. slab, not over the 1}-in. 
size. Such sizes would not be excessive 
in the 4-in. and 23-in. diameter cores 
Suggested at the beginning of the 
paragraph. 

In another paper (6) it has been demon- 
strated that aggregate as large as one 
half the width of the specimen may be 


used, and that specimens as small as 1 
in. square prisms, 2 in. high, containing 
3 in. aggregate, gave satisfactory results. 

The benefit of limiting the length of. 
test specimens to a ratio of between 1.5 
and 2.0 is demonstrated. The strength 
of a specimen with //d = 1.5 should be 
reduced 3 per cent to give an equivalent £ 
strength for 1//d = 2.0. This limitation 
of 1/d would in some instances necessitate 
the use of cores with comparatively 
small diameters. The preyious paper 
(6) has shown that the specimens with oe 
smaller diameters will have greater : 
strength dispersion, but gives rules for - 
the selection of an adequate number of | 
specimens to give the same precision as" 
that possessed by a given number of 
larger specimens. 


SUMMARY 


1. The variation of strength in the 
short compression test specimen may be 
separated into two regions: 

(a) The restrained failure region, 
where the length of the specimen is less 
than that to permit the failure to occur 
at its natural inclination to the axis. In 
this region the increase in strength with © 
decrease in length differs markedly with — 
the strength of the concrete under test. 

(b) The short-column region, where 
the reduction in strength with increase — 
in length is a function of the standard — 
deviation of the strength of the concrete, 
which is a function primarily of the size 
of the largest aggregate. 

2. By limiting the length of the con- 
crete specimens between 1.5 to 2.0 
diameters, the maximum correction of 3 
per cent will reduce the apparent strength 
of a specimen 1.5 diameters long to the 
strength of the standard specimen 2 
diameters long. 

3. The use of small specimens in which 
the diameter is not less than twice the 
size of the largest aggregate permits the 
taking of cores with lengths of at least 
1.5 diameters from any structure. 
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4. Although the numerical values principles are applicable to other brittle 
which are given apply to concrete, the materials — des 
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METAL ‘LEANING: 


By Jay C. Harris! 


Cooperators: 


Robert B. Mears, Aluminum Company of America, William Stericker, -Phila- 
delphia Quartz Co., and Thomas H. Vaughn and P. N. Burkard, 


W yandotte Chemicals Corp. 
-——' The consideration of committee II on Specifications of 


methods and specifications for the 
field of metal cleaning is a compli- 
cated one because of the variety of 
metals and metal finishes, as well as 
the infinite variety of soiling agents 
which may be encountered. It has 
been suggested that specifications 
for metal cleaning and metal clean- 
ers may best be developed by inves- 
tigating each problem individually. 
Ultimately this line of attack will 
be followed, but a knowledge of 
available evaluation methods could 
simplify the problem materially. 
This paper has been prepared in 
order to provide information regard- 
ing suggested or currently used 
evaluation tests in readily available 
form. Although some one test may 
be suggested as suitable, specific 
conditions may invalidate it, and 
other conditions may have to be ob- 
served. Consequently, the various 
information given in this paper 
should in no sense be considered as 
a recommendation, since no specifi- 
cations have as yet been developed. 
In fact, it is hoped that this publica- 
tion will result in constructive criti- 
cism which will further the work of 
Section G on Metal Cleaners of Sub- 


* Also published in ASTM Bu tuetin, No. 133, 
March, 1945, p. 23. 

Chairman Section G on Metal Cleaners, Sub- 
committee II on Specifications, Committee D-12 
on Soaps and Other Detergents; Monsanto Chemi- 
calCo.,Dayton,Ohion = = 


I—INDIREC T PERFORMANCE TESTS* 


Committee D-12 on Soaps and 
Other Detergents. 


EVALUATION METHODS 


The evaluation of metal cleaners — 
is complicated by the fact that it is — 


not always possible to make pilot 
plant or full-scale trials, and, when 
the evaluation is made in a labora- 
tory other than that of a specific 
plant, there is considerable doubt 
regarding either the specific soil 
used in the removal tests, or the 
utility of a metal cleaning composi- 
tion for any than the specific soil 
upon which the cleaner was tested. _ 

There are two general methods of 
evaluation approach: 


I. Indirect performance tests 
including analyses may be 
developed, or, more di- 
rectly, 

II. Soil removal performance 


methods may be em- 
ployed. 


This paper is concerned with the 
indirect method of approach, which 
is the logical one in the absence of 
knowledge of the soil, standard or 
otherwise, to be removed and of the 
conditions under which the cleaner 
may be used. A later paper will deal 
with the second general method as 
Part II of this discussion. 


= 


= 


7 
85 


986 Harris ON METAL CLEANING: I—INDIRECT PERFORMANCE TESTS 


Even though a well-defined soil 


and method of removal may be 


available, indirect chemical or physi- 


To this may be added (91): 


4 Emulsion degreasing: 


cochemical methods may be of de- 


cided value in defining qualities 
- 4esired in a cleaning bath. Such 
uethods will serve to differentiate 
between products which might 
otherwise prove closely similar un- 
der the soil removal method, and 
will assure desirable properties not 
otherwise measurable. Such meth- 
ods may also prove useful in control 
of the cleaning baths. 

Before an examination of the in- 
direct performance tests is made, it 
is pertinent that the general metal 
cleaning processes be examined to 
determine in a general way what 
conditions and materials may be en- 
countered. 


CLEANING PROCESSES 


Metal cleaning processes may ar- 
bitrarily be classified as follows 
(98) :? 


1. Wiping (by hand or machine). 

2. Brushing (by hand or ma- 
chine). 
Sand blasting. 
Tumbling. 
Hydraulic spraying. 
Steam gun spraying. 
Dipping in still tank. 
Machine washing. 
Electrolytic cleaning (anodic 
or cathodic). 

10. Continuous acid or alkaline 
dip. 

11. Vapor degreasing. 

12. Solvent degreasing. 


oo 


2 The boldface numbers in parentheses from 
Nos. 1 to 209 refer to the ‘ ‘Annotated Bibliog- 
raphy of Aluminum Cleaning,”” ASTM Butuetin, 
No. 120, January, 1943, 33; No. 121, March, 

1943, p. 33; and No. 128, May, 1944, 35. Ref- 
erences from No. 210 on are appended to this pa- 
per. A combined bibliography is included in the 
A. S.T.M. Standards on Soaps and Other Deter- 
gents (1944). (Issued as separate publications.) 


_ (a) Organic solvent containing 
oil-soluble emulsifying agent. 

(b) Organic solvent containing 
oil-soluble emulsifying agent mixed 
with kerosene and solvent to form 
emulsion. 


General Types of Cleaning: al 

The main general types of clean- 
ing, however, may be reduced to the 
following: 


1. Soak tank cleaning. 

2. Mechanical tank or spray 
cleaning. 

3. Electrolytic cleaning (anodic, 
cathodic, alternate current). 

4. Solvent or vapor degreasing. 

5. Emulsion degreasing. 


The requirements of these types of 
cleaning will define the specifica- 
tions of the detergents used therein. 
Consequently analytical methods or 
performance tests may be developed 
which will cover certain of the re- 
quirements of the above cleaning 
methods. 


PERFORMANCE TESTS 


The more generally investigated 
performance tests are: 


pH and titration values, 
Colloidal properties, 
Water softening, 
Conductivity, 
Solvent action, 
Surface and interfacial tension 
measurements, 
Emulsification, 
Rinsability, and 
Stability under conditions of us- 
age. 


The initial approach to this prob- 
lem is to ascertain the availability 
of methods for analysis, specifica- 
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tions, and performance methods such 
as those listed above. 


ANALYTICAL METHODS 


Many metal cleaning composi- 
tions may be analyzed by standard 
procedure used for alkalies, but 
where mixtures of materials are 
used which may comprise caustic al- 
kalies and the many alkaline salts, 
soap, rosin, synthetic wetting agents 
and detergents, corrosion inhibitors 
and sulfonated oils, difficulties will 
be encountered with standard pro- 
cedures. No attempt has been made 
extensively to cover the literature 
on this subject, but a method (135) 
has been developed for the deter- 
mination of caustic soda, soda ash, 
trisodium phosphate and sodium 


’ sulfate in the presence of the others. 


Standard Methods of Chemical 
Analysis of Sulfonated and Sulfated 
Oils have been published by the 
Society (210). Methods of Chemical 
Analysis of Industrial Metal Clean- 
ing Compositions (167) have also 
been published by the Society. 
The latter reference covers the only 
series of methods especially designed 
for the examination of metal clean- 
ing compositions, and is valuable 
where chemical control of purchases 
is desired and where the utility of a 
material for plant use has already 
been proved. No value would accrue 
from attempts to cover these meth- 
ods in detail since they are readily 
available and are self explanatory. 

Methods for Sampling and Chemi- 
cal Analysis of Special Detergents 
(caustic soda and the alkaline salts) 
is another A.S.T.M. standard (211) 
of potential value to the metal 
cleaning trade. 

Methods of chemical analysis and 
control can be used in defining the 


such, rather than in mixtures, and © 
considerable effort has led to speci- 


987 


quality of chemicals purchased as 


fications for many of these agents. 


SPECIFICATIONS 


Chemical specifications are avail- 
able (63, 3, 212) for many of the 
individual alkaline salts and for or- 
ganic solvents used in metal clean- 
ing, and can be of considerable use » 
in the purchase of materials used in 
the cleaning department. 

Chemical analysis and specifica- 
tions may be of considerable value 
in controlling the quality and pur- 
chase of cleaning compositions or ; 
their constituents, but leave much 
to be desired in the use evaluation ; 
of such materials or their mixtures. — 
The literature reveals many at- 
tempis to measure the properties of | 
cleaning compositions and clearly ‘ 
indicates the necessity for so doing f 
if optimum cleaning results are to 
be attained. There are many phases © 
to such evaluation, so that for pur- 
poses of simplification they have 
been condensed wherever possible. 

The performance tests which fol- 
low are from the sources indicated, 
and are what seem to be the methods 
most applicable to metal cleaning 
control. While there may be so-— 
called “simple” tests which seem to 
be suitable for evaluation, the 
chances are that these “simple” 
tests fail to control certain impor-. 
tant factors, resulting in data which 
are in grave error. On the other 
hand, the refinements of technique | 
obtained through the use of compli- 
cated or expensive equipment are 
not indicated where the art has not 
progressed sufficiently that the data 
obtained have significant effect upon - 
the end results. 
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pH TITRATION VALUES 


Many cleaning compositions are 
alkaline in nature and possess prop- 
erties which are easily measured. 
The earlier control work on cleaning 
baths was carried out by determina- 
tion of the relative alkalinity of the 
bath by titration methods (33, 
47, 54, 101, 107, 116). Differentia- 
tion may be made between active 
and inactive alkali by titration 
methods (116), and has been also 
used for control by the laundry in- 
dustry for many years. Unfortu- 
nately, alkalinity is not necessarily 
a means for comparison between 
two alkalies or products to be used 
for cleansing, since each material 
will have its own degree of soil re- 
moval activity regardless of differ- 
ence in alkalinity characteristics. 

Another indication of relative 
strength of alkalinity is measure- 
ment of hydrogen-ion (pH) con- 
centration, which has become in- 
creasingly simple and accurate (47, 
54, 97, 101, 107, 116). Unfortu- 
nately, neither titration values nor 
pH values are a full indication of 
utility. However, a combination of 
the two is highly useful. Of even 
greater value is determination of the 
buffering action of a material, since 
if a material had high initial pH 
value but this value is susceptible to 
marked changes either with a small 
amount of acidic material or changes 
markedly upon dilution, it could be 
expected that the bath efficiency 
might drop markedly. A _ highly 
buffered material is then one which 
maintains nearly its initial pH value 
over a considerable range, either 
upon the addition of acid or alkali 
to it, or upon dilution. Such infor- 
mation is highly valuable, and can 
readily be determined by titrating 
a standard solution of the mixture 
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with a standard solution of acid or 
alkali, measuring the pH values at 
given intervals of addition. 

That such values are of impor- 

tance in specifications for metal 
cleaning compositions is indicated 
by the fact that several Federal 
specifications (213, 214, 215, 216) 
require such measurements. 
t. In general there are two systems 
available for pH measurement; these 
are either colorimetric or potentio- 
metric. For many purposes the col- 
orimetric method may be suitable, 
and either paper or liquid indicators 
covering the pH range are available. 
Presence of interfering substances 
may dictate the use of one indicator 
over another. It is a desirable pre- 
caution to check the colorimetric 
indicator against the potentiometric 
system since the presence of certain 
chemicals may lead to error. The 
potentiometric means for pH meas- 
urement presents the choice of a 
variety of equipment. In general 
the glass electrode system has 
proved most readily useful since 
they may be used under a variety of 
conditions such as high temperature 
and high pH work, but where so 
used, the proper corrections must be 
made. 

Titration of alkaline or acid solu- 
tions is the time-honored method for 
estimation for strength of solution, 
and differentiation between ‘‘active”’ 
and “inactive” alkali may be made 
by choice of indicator (phenol- 
phthalein and methyl orange, re- 
spectively). 

In the evaluation of an alkaline or 
acidic material it may be advanta- 
geous to prepare a pH-titration 
curve. In doing so, due care should 
be used in the choice of solution 
strength and in the rate of addition 
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of acid (or alkali) that the deflection 
points are fully covered. a 


COLLOIDAL PROPERTIES 


The colloidal properties of the 
various alkaline salts vary im- 
mensely. The importance of col- 
loidal dispersion (81, 101, 116) of 
soil or its adsorption (101) and pep- 
tization (deflocculation) (45, 101, 
105, 117) has not been overlooked, 
and methods for measurement are 
to be found in two Federal speci- 
fications (217, 218). In general, 
materials exhibiting any detersive 
action will tend to disperse carbon 
or other particles, though it may be 
difficult to differentiate between the 
means for producing the effect 
whether it be adsorption, peptiza- 
tion, or deflocculation. 

Numerous investigators in the 
detergent field have tested the de- 
flocculating action of soaps, alkalies, 
and wetting agents against carbon 
black. The test may be carried out 
in various ways, of which the follow- 
ing is representative (218): 


0.250 g. of Norit carbon (SAU-30 or C 
grades) must be wet out by 50 ml. of the 
4:100 dilution within 10 min., when the 
test. is made as follows: Place the carbon 
in the bottom of a dry 1-in. test tube. 
Using a 50-ml. pipette, transfer the 
solution into the bottom of the test 
tube, holding the pipette against the 
side of the test tube. Withdraw the pi- 
pette gently and note the time for carbon 
to wet out spontaneously and motion to 
cease. The tube must now appear black 
throughout. Shake the tube. At the end 
of 24 hr. of standing, there must still be 
carbon held in suspension. 


WATER SOFTENING 


Another important property of 
the agents used in metal cleaning is 
to condition the water, either by 
softening it (75, 116) by forming a 


Transfer to a 500-ml. graduated flask the 
- calculated amount of reagent-grade cal- * 


soluble complex with the calcium 
and magnesium ions present, or by 
forming soluble or insoluble calcium 
and magnesium salts of the com- 
pound in use. The presence of 
synthetic detergents in metal clean- 
ing compositions introduces con- 
siderable difficulty in the usual 
water-softening determination, since 
soluble calcium and magnesium 
compounds may be formed obscur- 
ing the usual lather end point. 
But with this interference recog- 
nized, a water softening test is used 
for evaluation in a number of Gov- 
ernment specifications (216, 217, 
219). 

One performance test of marked 
importance in alkaline solutions, es- 
pecially in areas where hard water is 
used, is their resistance to decompo- 
sition by the hard water elements. 
In the first place hard water should 
be softened through their use, and 
the amount of agent required for the 
softening action should be a mini- 
mum, since the balance of the agent 
used will presumably be employed 
in soil removal. 

The use of synthetic detergents 
has complicated the picture some- 
what, since many of them are es- 
sentially unaffected by hard water, 
whereas soap readily forms trouble- 
some, insoluble, and oftentimes 
sticky curd. This would seem to in- 
dicate the use of one of three tests: 
(1) when soap and synthetic agent 
are absent, (2) when soap alone is 
present, and (3) with synthetic de- 
tergent alone or admixed with soap. 

A suitable test (213) for use in 
the absence of synthetic wetting 
agent or detergent and soap follows: 
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cium acetate, monohydrate (accurately 
weighed and based on an accurate deter- 
mination of its calcium content), equiva- 
lent to 0.4275 g. of calcium carbonate. 
Dissolve in distilled water from which car- 
bon dioxide has been removed by boiling, 
make up to 500 ml. with CO, free water, 
and mix. (One milliliter of this solution 
should contain the equivalent of 0.855 mg. 
of calcium carbonate.) Prepare a 5 per 
cent solution of the detergent under test 
by dissolving a 50-g. portion of the well- 
mixed sample in distilled water (heat 
may be used if necessary); cool to room 
temperature, make up to a liter with dis- 
tilled water, and mix. Transfer 50 ml. of 
the standard calcium acetate solution to 
a 250-ml. volumetric flask, add 100 to 
150 ml. of CO, free distilled water (de- 
pending upon the volume of detergent 
solution to be added); then add the con- 
centrated detergent solution in the amount 
recommended for 250 ml. of water having 
a hardness of 10 grains (171 parts per 
million) per gallon, and dilute to the mark 
with distilled water from which the carbon 
dioxide has been removed by boiling. 
This solution now contains the equivalent 
of 10 grains per gallon of calcium ear- 
bonate and the recommended amount of 
detergent to be used for water of this 
hardness. 


Nore.—In adding the detergent solu- 
tion, use a graduated pipette and shake 
the bottle containing the solution so that 
any undissolved portion will be uniformly 
distributed throughout the solution. 

Nore.— Most hard waters contain both 
calcium and magnesium as the hard water 
constituents, and it is generally conceded 
that the chloride and sulfate, respectively, 
are most suitable. 


Water-Softening Capacity.—Prepare 250 
ml. of water containing the equivalent of 
10 grains per gallon of calcium carbonate 
and the recommended amount of detergent 
as described above. Heat this solution to 
a temperature of 155 F. and stir vigorously 
to distribute any precipitate. Without 
cooling, pipette 50 ml. into a 250-ml. Py- 
rex glass-stoppered, round bottle at room 
temperature. Add 1 ml. of the American 
Public Health Association’s standard soap 


solution,* shake vigorously, let stand (with 
bottle on its side) for 5 min., and again 
shake vigorously. A continuous lather 
that persists over the whole surface for 5 
min. or more after the second shaking in- 
dicates that the water has been softened 
completely. 


A test designed to estimate the 
ability of an agent to prevent pre- 
cipitation of calcium and magnesium 
compounds follows (216): 


Standard Soap Solution.—The Standard 
soap solution employed shall be as speci- 
fied by the American Public Health As- 
sociation. 

Calcium and Magnesium Chloride Solu- 
tion.—Prepare a solution in distilled wa- 
ter, containing calcium chloride and mag- 
nesium chloride equivalent, respectively, 
to 9.37 mg. of calcium carbonate and 6.50 
mg. of magnesium carbonate per ml. 
This solution should be prepared by dilu- 
tion of more concentrated stock solutions 
of calcium chloride and magnesium chlo- 
ride which have been accurately analyzed. 
The deviation from the specified concen- 
trations should not exceed 1 part per 100. 

Lime Soap Dispersion Test.—Pipette 
100 ml. of stock solution of the sample and 
100 ml. of distilled water into a 250-ml. 
beaker. Pipette 2 ml. of standard soap 
solution into the beaker containing the 
solution of the sample and stir until the 
solution is mixed. With constant stirring, 
slowly add 2 ml. of standard calcium and 
magnesium chloride solution, measuring 
the volume accurately by means of a 2-ml. 
pipette. Cover the beaker with a watch 
glass and heat in an oven at 60 + 5 C. 
for 30 min. Remove the solution from the 
oven, cool to room temperature, and filter 
through a prepared and weighed asbestos 
felted Gooch crucible. Wash the beaker 
and precipitate with several small portions 
of hot water, transferring the precipitate 
quantitatively to the filter. The total 
volume of wash water used should not ex- 
ceed 25 ml. Dry the crucible and contents 
at 100 to 105 C. Cool the crucible in a 

3 Standard Methods for the Examination of 


Water and Sewage, Eighth Edition, American 
Public Health Assn. 
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desiccator and weigh. Drying and weigh- 
ing should be repeated until the difference 
between successive weights is not greater 
than 0.3 mg. 


CONDUCTIVITY 


The property of conductivity may 
be of especial interest in metal clean- 
ing by electrochemical means (48, 
81, 101, 174). The greater the de- 
gree of conductivity, in general, the 
greater the evolution of gas and the 
more rapid the cleaning process. It 
is indicated that the current-carry- 
ing capacity is of more importance 
for steel cleaning than for the softer 
metals where less vigorous action is 
required. Foam is a problem in 
electro cleaning, and conductivity 
measurements alone are not a suffi- 
cient means for evaluation. How- 
ever, a convenient laboratory setup 
for the evaluation of such metal 
cleaners has been developed (174). 

Conductivity may readily be 
measured by means of a conductiv- 
ity bridge (235) and suitable cell. 
The results as obtained may be ex- 
pressed as specific conductivity. 
Precautions should be taken with a 
series of comparison samples to ad- 
just them to constant temperature. 


SoLvenT ACTION 


Certain types of soil may most ef- 
fectively, safely, or economically be 
removed by solvent or vapor-de- 
greasing (1, 10, 11, 15, 21, 34, 44, 
45, 58, 60, 76, 94, 98, 137, 138, 144, 
146, 149, 152, 183, 185, 187, 188), or 
by emulsion degreasing (41, 91, 98, 
139, 185). Several Federal Speci- 
fications are concerned with organic 
solvents for solvent or vapor de- 
greasing (220, 221, 222, 223, 224) 
and with emulsion degreasing (225, 
226, 227, 228, 229, 230). 

It is apparent that solvent action 


can best be determined by actual | 
trial. A specific example (221) fol- 
lows: 


Oil Removing Properties.—A 3 by 6-in. © 
anodized aluminum alloy panel shall be 7 
coated with S.A.E. No. 50 oil, and com-— 
pletely immersed in the solution. The— 


time required to remove the oil shall be 


observed. 


SuRFACE AND INTERFACIAL TEN- _ 
SION MEASUREMENTS 


Most effective cleansing is gen- 
erally obtained when the wetting of | 
the surface being cleansed, or sur- 
face or interfacial tension of the 
cleaning solution is maintained at 
an optimum (10, 13, 45, 101, 189). 
The wetting efficiencies of 
solutions has been determined by 
the drop method (93) but a quicker 
and more generally reliable method — 
is through use of the DuNouy ten-— 
siometer. The concept of reduction 
of interfacial tension between 
cleaner solution-oil interfaces (8, 
82, 105) suggests its measurement 
as a means for evaluation and con- 
trol, This end may be accomplished } 


by using a stalagmometer, but more _ oi 


readily by using the interfacial type 

of the DuNouy tensiometer. 
Various methods for the deter- 

mination of surface or interfacial 

tensions have been used in “— 

specifications (214, 215, 217, 218, 

219, 231, 232). as 


Measurement.—Surface tension 
can be measured in a number of 
ways, for example by capillary rise 
or by the drop weight method, but 
both of these methods require con- 
siderable care in manipulation. One 
of the simplest and most rapid meth- 
od of measurement is the use of the | 
DuNouy tensiometer. This method 
is required by numerous Govern- 
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‘ment specifications. Ordinarily the 
measurements are made either at a 
single concentration (that recom- 
mended by the manufacturer of the 
cleaner) or at a series of concentra- 
tions, preferably under controlled 
temperature conditions. 

Calibration of the DuNouy in- 
strument (237) is easily accom- 
plished, and where high accuracy is 
desired, correction factors have been 
developed (238). 


Interfacial tension measurements 
can be determined in several ways 
among which the stalagmometer 
method and the DuNouy ring 
method are probably the most popu- 
lar. Again the DuNouy apparatus 
is the most rapid means for meas- 
urement, though the determination 
is somewhat more difficult than for 
surface tension against an air inter- 
face. It has been the custom in 
these laboratories to use Nujol as 
the oil involved, though where a 
specific oil is encountered in a plant, 
. this could as readily be used. 


EMULSIFICATION 


An indication of the ease of emul- 
sification is the interfacial tension 
measurement of the cleaner solution 
against an oil, preferably that to be 
removed. More direct indications 
(10, 33, 45, 84, 101, 105, 117) of 
emulsifying ability are obtained by 
- actually determining the emulsify- 
ing activity of the cleaner solution 
- and the degree of stability of the 
} emulsion produced. 

The ability of the emulsion de- 
greasing agents to remain in sus- 
pension is an important factor in 
proper cleansing and tests for esti- 
mation of this characteristic are 
given in several Federal specifica- 

__ tions (227, 228, 229, 230). 
Emulsion stability of solvent 
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emulsion type cleaners (230) is as- 
certained by dilution of the cleaner 
with solvent and then with water 
and recording the degree of ‘‘cream- 
ing” or breakdown of emulsion. 
Stability of emulsion formation has 
been tested (228) by adding a given 
volume of lubricating oil to the 
emulsion cleaner in an open Petri 
dish. 

A recently developed centrifuga- 
tion method (236) can be used for a 
quantitative estimation of emulsion 
stability. 

In the evaluation of emulsion 
cleaners it is important that the 
detergent be stable to water, and to 
extreme dilution with Stoddard 
solvent, kerosine or other organic 
solvent used. 

When soak cleaner baths are used 
it is likewise important that ade- 
quate emulsification be produced, 
since otherwise the greases, oils, 
and other contaminants removed 
might float to the surface of the 
bath and contaminate the piece be- 
ing cleaned at the time it is with- 
drawn to the rinse‘tank. 

Therefore two general types of 
test are indicated: One to determine 
the stability of emulsion cleaners to 
dilution and to water, and another 
for aqueous cleaning baths either 
upon dilution, or overloading of the 
bath. It has been suggested (75) 
that emulsifying power may be ascer- 
tained by using butter fat as the 
oil phase and determining stability 
of emulsion. Another suggestion 
(107) is that the emulsifying power 
of a cleaning bath be evaluated by 
adding known increments of either 
mineral oil or lanolin to the bath in 
question, bringing about emulsifica- 
tion then permitting the baths to 
stand and observing them for sepa- 
ration. Still another suggestion 
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(116) for evaluation is to measure 
the time for removal of mineral 
or vegetable oils from brass disks 
under controlled experimental con- 
ditions. 

A suggested stability test for 
emulsion cleaners (230) follows: 


Stability of Emulsion.—Place 5 ml. of 
the material into a 50-ml. graduated cylin- 
der having a ground glass stopper. Add 
45 ml. of kerosine (kerosine shall be in ac- 
cordance with Federal Specification VV- 
K-211). Stopper cylinder and shake thor- 
oughly. Maintain temperature conditions 
at 70 to 90 F. The material shall readily 
disperse or dissolve in the kerosine to give 
a clear liquid without the presence of un- 
dissolved matter. Pour 5 ml. of the 
thinned material into another similar 
graduated cylinder and add 45 ml. of dis- 
tilled water. Stopper and shake thor- 
oughly. A creamy emulsion shall result. 
Allow to stand undisturbed for 24 hr. at 
temperature conditions of 70 to 90 F. 
Examine the cylinder after this period. 
There shall be not more than 10 per cent 
“creaming” (floating or settling out of a 
layer of emulsion) with no breakdown of 
the emulsion. 


A further test of emulsion clean- 
ers (228) utilizing addition of an oil 
to indicate stability follows: 


Homogeneity.—Place 20 ml. of the 
cleaner in a 4-in. Petri dish. Add to this, 
without agitation, 5 ml. of Grade S.A.E. 
No. 70 lubricating oil or No. 6 fuel oil. 
Run the test at room temperature. The 
oil shall be completely dispersed through- 
out the cleaner. Swirl for a moment or 
two and place the solution in an open 
Petri dish. Examine after 48 hr. at room 
temperature. A homogeneous solution 
shall be formed which shall show no sepa- 
ration. 


A test (107) utilizing the observa- 
tion of emulsion stability can be car- 
ried out as follows: , 


Emulsion Stability —Prepare a 30 per 


cent by weight solution of commercial — 
lanolin in mineral spirits or Stoddard solv-— 


ent. Add 5 ml. of this solution at room _ 
temperature to 95 ml. of cleaner solutions — 


at varying concentrations. Homogenize — 
in a standard manner, transfer to a 100- 
ml. graduated cylinder and note the time > 
for separation of oil globules. 


RINSABILITY 


The function of a detergent is to 
assist in the removal of soil from the 
surface to be cleansed. To be a 
suitable detergent and to leave a 
perfectly clean, unaffected surface, 
the cleansing agent should prefer- 
ably be unreactive with the surface 
being cleansed, should not be ad- 
sorbed by the surface, hence should 
rinse freely. There are many cases 
where reaction with the surface be- 
ing cleansed may be both desirable 
and beneficial, but these are special 
cases, and most generally no remain- 
ing detergent is desired. The im- 
portance of rinsing tests has been 
mentioned (101, 105, 116) and a 
number of Federal specifications 
contain tests designed to measure 
this property (213, 214, 221, 225, 
231, 232, 233, 234). 

The ease of rinsability of the 
numerous compositions used for 
metal cleaning may vary widely, 
even though thorough rinsing may 
have an important bearing upon 
subsequent processing. It is a 
fairly well-known fact that chemi- 
cals have varying degrees of affinity 
for metal or other surfaces. What 
is often termed “chemical cleanli- 
ness’ may be a misnomer, since a 
chemical film, possibly of monomo- 


- lecular thickness, may be retained 


on the surface cleaned. It has 


even been suggested that absence 
of “‘water break’ may be due to 
such a film which is easily wet by 
water. 
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Since ease of rinsability and rela- 
tively complete freedom from con- 
taminant from the cleaning bath 
is desired, suitable tests should be 
available for determining this fac- 
tor. 

Two specifications (214, 232) con- 


tain the same test for rinsability: 


Test for Rinsing Properties.—Com- 
pletely suspend for 5 min. a 4 by 6-in. 
glass panel in a beaker containing 1 liter 
of solution of the stripper, maintained at 
85 to 95 C. Remove and dip completely 
twice in a beaker containing 1 liter of tap 
water at 70 C., allowing to drain 10 sec. 
between dips. Observe presence or ab- 
sence of “water breaks.” Allow to dry 
for 2 hr. at room temperature at an angle of 
45 deg. Observe any evidence of residue. 
Add a drop of c.p. alcohol to the surface, 
allow to evaporate, and notice any evi- 
dence of a white deposit. The absence of 
“water breaks” at the dip, and of a residue 
on drying, and the failure to form a white 


deposit on evaporation of the alcohol, shall 
indicate a suitably clean surface. 


Two other specifications (231, 
233) give essentially the same test 
except for variations in concentra- 
tion and temperature of cleaner, 
and the fact that the test panels are 
permitted to dry for 15 min. prior to 
water rinsing. 

It may be possible to utilize a 
contact resistance measurement 
(186) in the determination of clean- 
liness. 


SraBitiry UNpER CONDITIONS OF 
USAGE 


The usual difficulty with a labo- 
ratory method of evaluation is that 
no attempt is made to exhaust the 
bath, measuring the ability of the 
detergent to withstand long usage, 
heat, aeration, sedimentation, and 
perhaps overloading of the bath with 
oils and soil. The need for such a 
test is evident (101, 107, 116, 117, 


3 


HARRIS ON METAL CLEANING: I—INDIRECT PERFORMANCE TESTS 


189), but development of a suitable 
test to evaluate this property is 
difficult because of the many types 
of soil and operating conditions in- 
volved. 


SUMMARY 


It is to be understood that none of 
the foregoing tests are to be con- 
sidered as recommended methods. 
Many of them simply are in use in 
certain specifications as a means for 
controlling some desired quality. 
The object in reviewing these test 
methods is to make them available 
for future use, to indicate the extent 
to which such tests are resorted to in 
defining qualities of cleaning compo- 
sitions, and, if possible, to develop 
constructive criticism. 

Cleaning processes are classified 
as these general types: 


1. Soak tank cleaning. 

2. Mechanical tank or spray 
cleaning. 

3. Electrolytic cleaning. 
4. Solvent or vapor degreasing. 
Emulsion degreasing. 


Available analytical methods and 
specifications are outlined. 

The performance tests which are 
considered, and their general ap- 
plicability, follow: 

pH and Titration Values.—Meth- 
ods and equipment readily available 
and satisfactory. 

Colloidal Properties.—Tests are 
available, but are very specific in 
character. 

Water Softening—Methods are 
available for soap or soapless com- 
position, but tests in the presence of 
synthetic foaming agents have not 
been developed. 

Conductivity —Methods for meas- 
urement are available, and a prac- 


tical method for test can be used. 
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Solvent Action.—This is a specific 
property but apparently of consid- 
erable value. 

Surface and Interfacial Tension.— 
Equipment is available and can be 
used as a means for controlling the 
amount of surface-active agent pres- 
ent. 

Emulsification.—Tests for this 
property are very specific though 
apparently of considerable value. 

Rinsability—This property is 
very important and many tests have 
been devised, but is difficult to meas- 


(210) A.S.T.M. Standard Method of 
Chemical Analysis of Sulfonated 
and Sulfated Oils (D 500 — 41), 1944 
Book of A.S.T.M. Standards, Part 
IIT, p. 984. 

(211) A.S.T.M. Standard Methods of 
Sampling and Chemical Analysis of 
Special Detergents (D 501 — 43), 
1944 Book of A.S.T.M. Standards, 
Part III, p. 976. 

(212) Book of A.S.T.M. Standards, Part 
III. 

(213) Detergents, Special; (for Alumi- 
numware, Dishwashing Machines, 
and Manual Cleaning), Federal 
Specification P-D-236, November 
18, 1941. 

(214) Cleaner, Alkaline, Heavy Duty. 
TAC ES-No. 382b. July 12, 1943, 
Tank-Automotive Center, Tenta- 
tive Specification. 


- (215) Compound, Cleaning; Aircraft. No. 


20015-B, October 12, 1940. Air 
Corps Specification. 

(216) Detergent, Dishwashing. Bureau 
of Ships, Specification 51D8 (INT) 
March 15, 1943. 

(217) Polyether, Phenyl Sulfonate So- 
dium Salt. Navy Aeronautical 
Specification M-363a, January 27, 
1941. 

(218) Ether, Alkylated, Phenolic (for 
Cleaning Aircraft). Navy Aero- 
nautical Specification RM-70, Feb- 
ruary 7, 1938. 

(219) Compound, Vapor Cleaning. Tank- 
Automotive Center Tentative Spe- 


ure suitably (considering the multi- 
tude of possible surfaces). 

Stability Under Conditions of Us- 
age.—It appears that short of ac- 
tual trial there is no readily applica- 
ble general tests for this quality of 
a bath. 

There are a number of perform- 
ance tests already in use which may 
be applicable either directly or with 
alteration to define desired proper- 
ties of cleaning compositions and it 
is not suggested that these can be 
used as the sole criterion of utility. 


cification TAC ES-No. 542b, May 
1, 1943. 

(220) Compound, Paint Stripping, Non- 
Inflammable, Navy Aeronautical 
Specification C-113, Amendment 2, 
September 7, 1942. 

(221) Compound, Engine Cleaning and 
Paint Stripping, Navy Aeronau- 
tical Specification C-114, Amend- 
ment 1, March 10, 1942. 

(222) Trichlorethylene, Stabilized, Army- 
Navy Aeronautical Specification 
AN-O-T-63la, Amendment 1, May 
2, 1942. 

(223) A.S.T.M. Staudard Specifications 
for Stoddard Solvent (D 484 — 40), 
1944 Book of A.S.T.M. Standards, 
Part III, p. 81. 

(224) A.S.T.M. Standard Specifications 
for Petroleum Spirits (Mineral 
Spirits) (D 235 - 39), 1944 Book of 
A.S.T.M. Standards, Part III, p. 84. 

(225) Compound, Carbon Removal, for 
Aircraft Engine Parts, Navy Aero- 
nautical Specification C-118, May 
16, 1942. 

(226) Compound; Carbon Removal (for 
Engine Parts), Army Air Forces 
Specification No. 20025, June 15, 
1942. 

(227) Solvent, Degreasing, Self-Emulsi- 
fying, Tank-Automotive Center 
Tentative Specification TAC ES- 
No. 398b, May 10, 1943. 

(228) Cleaner, Carburetor, Tank-Auto- 
motive Center Specification TAC 
ES-No. 645a, March 17, 1943. 
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Corrosion Prevention; Processing 
and Packaging, Ordnance Dept. 
Tentative Specification TM 38-305, 
August 1, 1943. 

Compound; Grease-Cleaning, Sol- 
vent Emulsion Type, Federal Speci- 
fication P-C-576, November 6, 1942. 
Cleaner, Metal, Silicate-Soap, Navy 
Aeronautical Specification C-109a, 
March 31, 1942. 

Paint, Stripper, Alkali, Tank-Auto- 
motive Center, Tentative Specifi- 
cation TAC ES-No. 452b, August 3, 
1943. 


a (233) Compound, Paint Stripping (Silicate 


Type) Navy Aeronautical Specifi- 
cation C-67d, March 4, 1943. 

Compound, Cleaning: For Painted 
Surfaces, Bureau of Ships ad in- 
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terim Specification 51C20 (INT), 
March 15, 1941. 

(235) Industrial Instruments, Inc., Jer- 
sey, City, N. J. 

(236) R.C. Merrill, Jr., ‘‘Determining the 
Mechanical Stability of Emulsions,” 
Industrial and Engineering Chem- 
istry, Anal. Ed., Vol. 15, pp. 743-746 
(1943). 

(237) ‘‘Cenco-duNouy Tensiometers,” 
Bulletin 101, Central Scientific Co., 
Chicago, Ill. 

(238) W. D. Harkins and H. F. Jordan, 
‘‘A Method for the Determination 
of Surface and Interfacial Tension 
from the Maximum Pull on a Ring,” 
Journal, Am. Cheth. Soc., Vol. 52, 
pp. 1751-1772 (1930). uel 
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METHODS* 
Cooperators: 
Claudius Nielson, Nielco Laboratories; B. S. Van Zile, et al., Hercules Powder 
. Co.; C. S. Lowe, Pennsylvania Salt Manufacturing Co.; R. S. Frazer and M. P. 
n Boland, Cowles Detergent Co.; 


gel 


METAL CLEANING: II—SOIL REMOVAL PERFORMANCE 


A. H. Baldwin, Hansen-Van Winkle-Munning 
Co.; and C, C. Ross, U. S. Naval Engineering Experiment Station. 


It is not the purpose of these 
papers on metal cleaning to sug- 
gest either that direct performance 
methods, or laboratory soil removal 
evaluation tests should be consid- 
ered the only criteria for choice 
of cleaner: They are intermedi- 
ate evaluation or control meth- 
ods. The only true method to 
provide a significant answer for final 
choice is to determine how effec- 
tively and economically actual soil is 
removed in plant practice over a 
period of time and under adequate 
control. It is the purpose of these 
papers to provide pertinent data on 
evaluation methods so that im- 
proved laboratory technique may 
result, with the ultimate object of 
providing improved cleaners for 
commercial usage. Consequently 
none of the indirect performance 
tests nor the soil removal tests to be 
described should in any sense be 
considered as “standards” of the 
society. 

These papers are necessary to a 
thorough evaluation of present tech- 


* Also in ASTM Buttetin, No. 136, 
Oct »ber, 1945, p. 3 
' Chairman, Section G on Metal Cleaners, 
Subcommittee II on Specifications, Committee 
-12 on Soaps and Other Detergents; Monsanto 
Chemical Co., Dayton, Ohio. 


nique and it is hoped that their 
publication will result in construc- 
tive criticism which will further the 
work of Section G on Metal Clean- 
ers of Subcommittee IT on Specifica- 
tions of the A.S.T.M. Committee 
D-12 on Soaps and Other Deter- 
gents. 

The indirect approach to the 
metal cleaning problem by meas- 
urement of physical, chemical, or 
physicochemical properties of a 
cleaning composition was dealt with 
in Part I of this paper.? The 
present portion of the paper will 
attempt to cover the direct evalua- 
tion of metal cleansers by measure- 
ment of their relative ability to 
remove a given soil by laboratory 
methods. This approach yields an 
immediate answer, when applied to 
soiled surface in question, but may 
leave unanswered the problem of 
whether such a composition will 
remove a soil of other, perhaps 
quite dissimilar, characteristics. 
The factor of the soil chosen for 
such a method of evaluation then 
becomes most important. 


The types of soil or foreign matter = 
2 Jay C. Harris, “Metal Cleaning: I—Indirect 
Performance Tests,” see p. 985. 
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generally encountered have been 
classified (94):* 

1. Mineral oil blanking lubri- 
cant. 

2. Pure oil of a compounded 
type used in drilling and tapping, 
or on automatic screw machines. 

3. Soap emulsions used in mill- 
ing, blanking, pressing, etc. 

4. Heavy soap-base drawing 
compounds. 

Other soiling materials may com- 
prise: 

5. Buffing compound constitu- 
‘ents. 

6. Graphite 
pounds. 

7. Carbonized oils, greases, or 
food products. 

8. Asphaltic and tarry materials. 


drawing com- 


9. Corrosion products deposited © 
on, or from the metal being cleaned. — 
10. Food residues, beer-stone, 


milk-stone, ete. 


11. Paints, varnishes, waxes, etc. 


From the variety of materials 
listed it is apparent that the soil 
present may have considerable bear- 
ing upon the cleaning method and 
materials chosen. This is not the 
only criterion used in a choice of 
method, since the metal surface 
being cleansed may be important. 
Perhaps the most important factor, 
however, is choice of method to 
remove the specific soil from the 
specified metal adequately, at mini- 
mum cost. 

A condensed classification of the 
different cleaning methods follows: 

1. Soak tank cleaning. 


* The boldface numbers in parentheses from 
Nos. 1 to 209 refer to the ‘Annotated Bibliogra- 
Rhy of Aluminum Cleaning,”” ASTM Butuetin, 

Yo. 120, January, 1943, p. 33; No. 121, March, 
1943, p. 33; and No. 128, May, 1944, p. 35. 
References from Nos. 210 to 238 are appended to 
“Metal Cleaning: I—Indirect Performance 
Tests,” see p. 985. References Nos. 239 to 243 
are appended to the present paper. 


2. Mechanical tank or spray 
cleaning. 

3. Electrolytic cleaning. 

4. Solvent or vapor degreasing. 

5. Emulsion degreasing. 


Use of this classification in combina- 
tion with knowledge of the type of 
soil present, and ease of its removal, 
is a more logical approach to the 
problem, since several general types 
or even combinations of types of 
cleaning may advantageously be 
used. 

Since one or more of these clean- 


ing methods may be used, the need is 


thus exemplified for some means for 
evaluating these methods either 
on a semi-plant scale, if available, or 
in the laboratory. Resort to semi- 
plant or laboratory scale evaluation 
will eventually lead to a desire for 
more uniformly soiled pieces for 
trial purposes which in the semi- 


_ plant scale may mean segregation of 


representative pieces from _ stock. 
The laboratory is not always so 
fortunately situated, and desire for 
uniformity of test results almost in- 
variably leads to application of a 
soil under more or less well-con- 
trolled conditions of application, 
dependent upon analysis of the 
problem and knowledge of the re- 
sultant effects. 

Application of a “standard”’ soil 
implies perfect control of all factors 
involved, as well as full control of 
all subsequent operations, since the 
ultimate object of such a test Jeads 
to the desire to obtain reproduc- 
ible results of known variability. 

Faced with the many types of soil 
which must be removed, we might 
at once arrive at the deduction that 
no “standard” soil or “standard” 
test could be devised. The fact 
that many investigators have pub- 
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lished results with one or another 
type of soil, however, only em- 
phasizes the need for such a test 
or tests. Unfortunately, many such 
papers fail to outline fully test 
conditions and few make any at- 
tempt to indicate the sensitivity 
and reproducibility of their chosen 
method of operation. Such criti- 
cism leads to the suggestion that 
available information be correlated, 
so that all pertinent data be tabu- 
lated for ease of comparison. 

The published laboratory meth- 
ods for soil removal evaluation 
were arbitrarily classified on the 
basis either of the method for soil 
removal, or upon the soil itself: 


Though this classification may 
overlap, and does not represent all 
the available procedures, the meth- 
ods of operation used for one type 
may be applicable, under altered 
conditions, to another type of 
cleansing. 

No attempt has heretofore been 
made to evaluate the available 
methods dealing with soil removal 
from metal surfaces. This paper 
therefore makes an attempt to 
subject them to such an analysis, 
and to make them available so 
that they may be studied and im- 
provements in technique applied. 
There is ample room for research 
in the field of laboratory evalua- 
tion, but fortunately for industry, 
metal cleaning as an art has kept in 
pace with developments in metal 
fabrication. 


HARRIS ON METAL CLEANING: II—Sor REMovAL METHODS 


A. Oil removal, 
B. Solvent emulsion method, 

C. Electrolytic method, 
D. Carbon removal, 

E. Friction removal, and : 
F. Paint stripping. 


but has been made as complete as . 
possible. 
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It should be emphasized that 
none of the methods described is 
recommended by Section G, but 
that this information was required ; 
before any attempt at cooperative — 
effort could be made. 

The evaluation of the methods 
follows this general outline: 


Soil: 
Kind 
Application 
1. Preparation of Panels — 
2. Method 
3. Aging Period 
4. Deviation 


Cleaning Technique: 


Metals 
1. Kind 
2. Panel Size 

Solution 
1. Amount of Detergent ; 
2. Volume 
3. Temperature 
4. Time 
5. Agitation 
6. Replicates 

Method 

Rinsing 

dl. Time 

2. Temperature 
3. Volume 
4. Agitation 
5. Method 
6. Test for Effectiveness — 

Drying 
1. Temperature 
2. Time 


Measurement of Soil Removal: 
Method 
Sensitivity 


The information covered by ie 


outline was not always available 
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METHOD A- -OIL REMOVAL 
Metuop A-l 


The method described by Morgan and 
Lankler (156, 157) follows: 


Soil: 

Kind.—Unspecified mineral oil com-— 
position used in rolling brass containing 
an unspecified amount of Fluorescent 
Oil Green H. W. 

Application. 

1. Preparation of  Panels.—The 
metal test strips, 5 by 10 cm. (2 by 4 in.) 
in size are scrubbed by hand with a 0.50 
per cent solution of Nacconol NR at 110 
F., thoroughly rinsed in warm water, 
rinsed in alcohol, and allowed to dry. 

2. Method.—Strips of wool flannel 
4.7 by 9.7 cm. (1.875 by 3.875 in.) are 
saturated with a mineral oil composition 
such as is used in the rolling of brass. 
These oil-saturated wool strips are alter- 
nated with the metal strips to form a 
stack with protecting metal plates and oil- 
saturated wool strips above and below the 
stack of experimental strips. 

The stack of plates is placed between 
the jaws of a hydraulic press, the edges of © 


the stack of plates being carefully squared © 


up. A pressure of 35 kg. per sq. cm. 
(500 psi.) is applied, and the pressure 
maintained until no more oil oozes out 
from the edge of the stack, the edges being 
constantly wiped with a clean cotton 
cloth. At the end of this process the pres- 
sure is released, and the strips are re- 
moved and retained in a perfectly hori- 
zontal position until taken out of the 
stack, one at a time, for the cleaning 
experiment. 

3. Aging Period.—Not 
Apparently to be used at once. 

4. Deviation.—Average is 7.3 per 
cent by weight, present in 0.000113 g. per 
sq. cm., average for ten panels. 


specified. 


Cleaning Technique: 
Metals. 
1, Kind. 


Steel: 20-gage cold-rolled sheet. 
Galvanized steel: 20-gage, hot- 
dip-galvanized 

Tin-plated steel: 
plate 

Aluminum: Alloy 3S (1.2 per cent 
manganese), 20-gage, mirror fin- 
ish 

Brass: Soft brass sheet, 0.032 


24-gage dairy 


in. thick, Rockwell F hardness 
61 to 62 annealed at about 550 C, 


2. Panel Size.—2 by 4 in. (5 by 10 


cm.). 


Solution. 

1. Amount Detergent.—0.5-10.0 per 
cent. 

2. Volume Solution.—800 ml. in 1- 
liter beaker. 

3. Temperature.—Variable. : 

4. Time.—Variable. 

5. Agitation. —None. 

6. Replicates—Unspecified, but ap- 
parently single test. 


Method.—The panels were fully im- 
mersed in the detergent solution, as in 
soak”’ tank cleaning. 


Rinsing. 


1. Time.—1 min. 
2. Temperature.—100 F. 
3. Volume.—Unspecified. Running 


4. Agitation Running water. 

5. Test for Effectiveness.—None. 
Drying. 

1. Temperature.—Room. 

2. Time.—Unspecified. 


Measurement of Soil Removal: 


Method.—Panels examined visually, or 
photographed under ultraviolet light. 


Sensitivity.—Checked by gravimetric 
oil determinations. Minimum amount of 
oil detectable was 0.000004 g. per sq. cm. 


MeEtTHop A-2 


The Nielco Laboratories method of 
evaluation follows: 
Soil: 


Kind.—S.A.E. 50 Lubricating oil (paraf- 
fin base). 


_ Application. 
OS 1. Preparation of Panels.—None. 


2. Method.—Immerse in §.A.E. 50 
lubricating oil. Pennsylvania. Remove. 
Drain 1 hr. 


3. Aging Period.—1 hr. 
4. Deviation.—Not given. 


Cleaning Technique: 


Metals. 
1. Kind.—Steel, aluminum. 
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2. Panel size—2}by3in. 


Solution. 


1. Amount Detergent.—0.9 to 3.3 
per cent. 

2. Volume Solution.—1000 ml. 

3. Temperature.—Boil. 

4. Time.—Variable. 

5. Agitation—None, other than 
boiling liquid. 

6. Replicates—Two, in same bath, 
held in unspecified manner relative to one 
another. 


Method.—The panels were fully im- 
mersed in the detergent solution as in 
“soak” tank cleaning. 

Rinsing. 

1. Time.—Unspecified. 

2. Temperature.—Cold. 

3. Volume.—Unspecified ; appar- 
ently from tap. 

4. Agitation.—Unspecified; appar- 
ently from tap. 

5. Test for Effectiveness.—Water 
break. See under separate “Rinsing 
Test.” 


Drying. 
1. Temperature-—Unspecified. 


2. Time.—Unspecified. 
Measurement of Soil Removal: 


Apparently by water break. Tests 
followed by plant trials. 


Rinsing Test: 

Glass panel 3} by 5 in. dipped in the 
hot alkali cleaning solution for 5 min. 
Remove and rinse immediately in cold 
water. Allow to dry for 2 hr. Examine 
for any film left on panel. Add to panel 
1 drop of alcohol and allow to evaporate. 
If no deposit is noted, compound is con- 
sidered as free rinsing and the surface 
clean. 


Merson A-3 


Rinker (243) evaluated metal clean- 
ing compositions in the following manner: 
Soil: 

Kind.—Mineral oils 100 and 200 vis- 
cosity, mineral oil and 15 per cent fatty 
acid, mineral oil and 1.5 per cent and 5 
per cent calcium soap, mineral oil and 
10 per cent and 20 per cent sodium soap, 


sulfur-base mineral oil and protective 
lanolin film. 


ally in the oils. 


Application. 
1. Preparation.—Anti-rust oil or sur- 
face film removed. 
2. Method.—Panels dipped individu- 


3. Aging Period.—Two weeks. 


Cleaning Technique: 
Metals. 


1. Kind.—Cold-rolled steel. 
2. Panel Size.—3 by 6 in. 
Solution. 
1. Amount Detergent—6 oz. per 
gallon. 
2. Volume Solution.—Sufficient for 
total immersion. 
3. Temperature.—200 F. 
4. Time.—3, 6, 9, 12, and 15 min. 
5. Agitation.—Provided by heating 


at 200 F. 
6. Replicates.—Several, but unspeci- 
fied. 
Method.—The panels were totally im- 


mersed in the cleaning solution as in 
“soak”’ tank cleaning. 


Rinsing. 

1. Time.—Not specified. 

2. Temperature.—Not specified. 7 

3. Volume.—Not specified. 

4. Agitation.—Shower spray. 

5. Acid Dip.—5 per cent sulfuric 
acid solution followed by further shower 
spray. 

Drying.—Not indicated. 
Measurement of Soil Removal: = 
Method.—Absence water break. 


Metuop A-4 


The Hercules Powder Co. method as 
described by Van Zile and coworkers 
which is a variation of the Morgan and 
Lankler method, is as follows: 


Soil: 


Kind.—100 viscosity Coastal Natural 
Mineral Oil (Sinclair Refining Co., Mar- 
cus Hook, Pa.). ; 
Application. 
1. Preparation of Panels.—Sheet 
steel (20-gage) strips 1 by 2 in. in size are 
dipped in carbon tetrachloride, sanded 


with waterproof Tri-M-ite paper (manu- 
factured by Minnesota Mining and Manu- 
facturing Co., St. Paul, Minn., designa- — 
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tetrachloride, and dried in an oven at 
80 C. 

2. Method.—Strips of (80 by 80) cot- 
ton print cloth, } by 1} in. are saturated 
with the 100 viscosity oil, to which is 
added 1 g. of Fluorescent Oil Green HW 
185 per cent to 100 cu. cm. of oil. 

Balance of preparation as described by 
Morgan and Lankler. 


kt 400-A-soft back), dipped in carbon 


1. Amount Detergent.—1 to 10 per 


1. Kind.—Steel, 20-gage. 
cent. 


Cleaning Technique: 
2. Panel Size.—1 by 2 in. 
Solution. 
2. Volume Solution.—125 ml. of solu- 
in 150-ml. beaker. 


3. Temperature.—80 C. 

4. Time.—1 to 10 min. 

5. Agitation.—None. 

6. Replicates——Apparently four are 
used. 


_ Method.—Operated as a soak bath,‘ in 
¥¢ which strips are hung from hooks. 
Balance of method as described by Mor- 
gan and Lankler. 


Rinsing.—In a stream of distilled water. 
Drying. 
1. Temperature.—80 C. in an oven. 
2. Time.—Not specified. 


MetuHop A-5 


Another Hercules Powder Company 
method (239) described in the 1942 edi- 
tion of their pamphlet on ‘Dresinae”’ 
follows: 


4 Soil: 
Kind.—100 viscosity mid-continent oil. 


Application. 
1. Preparation of Panels.—Thor- 
oughly cleaned. 

2. Method of Application.—Soiled by 
squeezing a pile of alternated plates and 
oil-saturated cloths in a press at 1600 
lb. per sq. in. pressure until no more oil 
is exuded. 


‘Constant temperature bath, 9 by 44 by 
6% in., filled with water, equipped with an air 
stirrer at each end, and a rack for holding four 
150-ml. beakers. A Variac is used to control the 
hot plate used to heat the bath and maintain the 
temperature constant. 
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3. Aging Period.—None. 
4. Deviation.—Not given. 


Cleaning Technique: 


Metals. 


1. Kind.—Steel. 
2. Panel Size.—2} by 5} in. 


Solution. 
1. Amount Detergent.—3 per cent. 
2. Volume Solution.—1000 ml. 
3. Temperature.—90 C. 
4. Time.—Hot bath, 10 min.; elec- 
trolytic (anodic or cathodic), 5 min. 

5. Agitation.—None. 

6. Replicates.—One. 


Method.—Operated as a ‘‘soak”’ bath in 
one case, or as an electrolytic bath in the 
other. 


Rinsing. 
1. Time.—Not specified. 
2. Temperature.—60 C. 
3. Volume.—Unspecified, from tap. 
4. Agitation.—Tap water pressure. 
5. Test for Effectiveness.—None. 
Drying. 


1. Temperature.—80 C. 
2. Time.—Unspecified. 


Measurement of Soil Removal: 


Plates photographed under ultraviolet 
light, which causes any soil remaining on 


plates to fluoresce and is thus recorded. 


Metuop 


A soap-silicate specification (231) util- 
izes a cleaning technique described essen- 
tially as follows: 


Soil: 
_Kind.—Light mineral oil. 
Application. 


1. Preparation of Panels. _—Not ot § spe- 
cified. 

2. Method.—Pour 5 ml. of oil over 
both sides of panel. 

3. Aging Period.—Allow to drain in 


vertical position for 5 min. 
Metals. 


1. Kind.—Aluminum. 


Cleaning Technique: 


_ 2. Panel Size.—3 by 6 in. 


i 
[ 
é 
( 


HARRIS ON METAL CLEANING: ReEMovaL METHODS 1003 


Solution, 

1. Amount Detergent.—As specified. 

2. Volume Solution.—Completely 
immerse panel in properly diluted com- 
pound contained in a 2-liter beaker. 

3. Temperature.—100 C. 

4. Time.—10 min. 


5. Agitation.—None. 
6. Replicates.—One. 


Method.—Operated as a Bites) bath. 


Rinsing. 
1. Time.—Not specified. 
2. Temperature.—Not specified, 
3. Volume.—Unspecified. 
4. Agitation.—Dipping. 
Drying. 
1. Temperature—Room 
ture 
2. Time.—Not specified. 


tempera- 


Measurement of Soil Removal: 

Method.—Wash dried panel with 100 
ml. petroleum ether, carefully collecting 
ether in a weighed evaporating dish. 
Evaporate ether on steam bath, then heat 
evaporating dish in oven at 100 to 105 C. 
for 15 min. Cool and weigh. Weight 
from residue must not be more than 1 mg. 
greater than residue from evaporation of 
100 ml. of petroleum ether identical with 
that used in extraction. The evaporat- 
ing dish must be cleaned and dried at 100 
to 105 C., cooled and weighed to assure 


correct original weight. tn 


MeruHop A-7 


Three specifications (221, 225, and 

240) have these characteristics: 

Soil: 

Kind.—S.A.E. No. 50 oil. 

Application.—Coat panel with oil in 
unspecified manner. Aging period, if 
any, unspecified. 
Cleaning Technique: - aot 
Metal. 


1. Kind.—Anodized aluminum al- 


loy. : 
2. Panel Size.—3 by 6 in. 


Solution. 


1. Amount Detergent.—Specified. 
2. Volume.—Sufficient to permit im- 
mersion of plate. 


3. Temperature.—Unspecified. 

4. Time.—Time for oil removal is 
observed. 

5. Agitation.—None. 

6. Replicates.—One. 


Rinsing and Drying.—Observed in 


other test. 
vest. 
DISCUSSIONS 


The soils used in these tests 
were mineral oil compositions used 
in brass rolling, S.A.E. 50 paraffin- — 
base lube oil, 100 (mid-continent) 
and 200 viscosity mineral oils, 
light mineral oil, and mineral oll 
combined with fatty acid, calcium 
or sodium soap, sulfur-base mineral - 
oil or lanolin. 

In general, the removal methods 
were based on the “soak” tank, 
although one was operated as an 
electrolytic bath. 

Methods of estimation of degree 

of soil removal in general were three: , 
(1) the ultraviolet measurement of 
retention of an oil-soluble fluores- 
cent dye, (2) petroleum ether wash- 
ing of the cleaned panel for removal 
of retained oil, and (3) absence of — 
waterbreak. 


METHOD B—SOLVENT EMULSION 


MeEtuHop B-1 


One specification (230) conforms to the 
outlined method as follows: 


Soil: 


Kind.—A lubricating oil of S.A.E. 70 
viscosity is made into a paste with suf- 
ficient talcum powder. 


Application. 


1. Preparation of Panels.—Each 
panel is cleaned with a suitable solvent. 

2. Method.—Spread the paste, start- 
ing at a distance of 2 in. down from a 3-in. 
edge over the hollowed side of each panel, 
until level. Each panel shall be baked in 
an air oven maintained at a temperature 
of 290 to 300 F. for 3 hr. Allow to cool 
to room temperature. 

3. Aging Period.—Not specified. 


4 
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Apparently to be used at once. 
Cleaning Technique: 


Metals. 


1. Kind.—Aluminum panels cut 
from corrugated aluminum (the corruga- 
tions shall be hollows with about 8 hol- 
lows to the inch and the depth of the 
hollows shall be about 7; in.). 

2. Panel Size.—3 by 6 in. 


Solution. 


1. Amount Detergent.—25 ml. of 
compound dissolved in 225 ml. kerosine. 
2. Volume Solution.—250 ml. 
3. Temperature.—70 to 90 F. 
Time.—10 min. 
5. Agitation.—None. 

6. Replicates—Apparently only one. 

Method.—Suspend the panel with the 
6-in. edge in the vertical position in 250 
ml. of the prepared liquid. Allow to 
stand as indicated at the specified tem- 
perature. Remove and rinse as indi- 
cated. 

Rinsing.—Flush each panel with a 
stream of water (water pressure shall be 
30 to 40 lb. per sq. in. gage pressure, and 
nozzle of hose shall be a glass tube 3 in. 
long with }4-in. inside diameter). The 
stream of water must be applied in a 


panel surface and the surface shall be 
thoroughly flushed. 
«1, Time.—Not controlled. 
2. Temperature.—Not given. 
3. Volume.—Not controlled. 
4. Agitation.—As indicated. 
Test for Effectiveness.—Visual. 
Drying. 
1. Temperature.—Not given. 
2. Time.—Not given. 


horizontal position at right angle to we 1. 


Measurement of Soil Removal: 
Method.—Visual examination of cleaned 
section compared with uncleaned por- 
tion. The cleaned section should show 
no more than extremely slight discolora- 
tions and no harmful detrimental action. 


Meruop B-2 

The following data were made avail- 
able by Lowe of the Pennsylvania Salt 
Manufacturing Co., Philadelphia, Pa. 
Soil: 

Kind. 

1. Paste of off and tal- oil and tal- 

cum powder. 


2. Dry carbon black of 28 milli- 
micron average particle size (Binney and 
Smith). 

3. Carbon black of B combined 
with a carbon tetrachloride solution of 
mineral or lubricating oil and solvent 
permitted to evaporate. 

4. Any drawing or other compound 
under test. 

Application. 

1. Soil A is smeared over a corru- 
gated aluminum panel and baked at 
300 F. for 3 hr. 

2. Ground glass is rubbed with the 
dry carbon black of soil B. 

3. Soil C is smeared on ground glass, 

4. Buffing and abrasive compounds 
are applied to cold-rolled steel panels 
from a buffing wheel; drawing compounds 
through action of suitable drawing dies; 
other compounds by smearing over cold- 
rolled steel surface with spatula and al- 
lowing time to set. 


Cleaning Technique: 
Metals. 


1. Kind.—Glass, aluminum, cold- 
rolled steel, or other metal under con- 
sideration. 

Solution. 


Amount Detergent. 


10 oz. per gal.—heavy duty clean- 
ing 

oz. per gal_—medium cleaning 

402. per gal.—light cleaning (and 
power washer application) 

' 8 oz. per gal.—electrocleaning 

Solvent emulsions: 1 part con- 
centrate to 9 parts kerosine for 
dip-rinse application; 1 part of 
kerosine mix to 50 parts water 
for power washer. 

Steam gun cleaning—+} oz. per gal. 


2. Volume.—1 liter for preliminary 
evaluations. Where results are close, 
10 gal. of solution in tank with steam 
heating coil to produce rolling boil is 
preferred. For power washer evaluation 
40 gal. of solution are required for 
laboratory scale machine. 

3. Temperature-—Rolling boil for 
heavy and medium duty cleaning; 180 F. 
for aluminum cleaning, power washer 
application, and electrolytic cleaning. 

4. Time.—Varies with type of soil 
under investigation and hase em- 
ployed; generally 5 min. 
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5. Agitation.—Rolling boil produces 
sufficient agitation where used. Air 
agitation is used at lower temperatures. 

6. Current (electrocleaning), 50 amp. 
per sq. ft., anodic. 

Method.—As indicated above. 
Rinsing. 

1. Time.—30 sec. in spray rinse; 
1 min. in beaker or overflow tank rinse. 

2. Temperature.—Spray rinse is used 
cold. Overflow tank rinseis cold. Beaker 
rinses are used at 190 F. 

3. Volume.—Same volume as clearer 
solution—3 successive rinses—for beaker 
testing. Ten-gallon overflow tank also 
used for cold rinsing. 

4. Agitation—Repeated up and 
down motion of work. 


5. Test for Effectiveness.—See test 
below. 


Drying. 
1. Temperature.—Unspecified. 
2. Time.—Unspecified 
Measurement of Soil Removal: 


The soil removal from specimens soiled 
and applied as in application 2 and ap- 


cation 3 is followed by photometric 
measurement of light transmittance. 

The specimen of soil and appli- 
cation 4 is tested by plating the strip 
from an acid copper bath, under the 
following conditions: 

Copper sulfate......... 27 oz. per gal. _ 
Sulfuric acid........... 6.5 oz. per gal. 
Temperature........... 70 to 90 F. 

Current density........ 20 amp. per sq. ft. 
0.75 to 2.0 v. 


Rinsing Test: 


A 100-ml. sample is prepared at con- 


centration of 4 oz. per gal. Add 0.5 g. 
ether purified carbon black. Mix for 1 
min. in an electric mixer. Immerse a 


clean microscope slide in the mixture for 
30 sec. Remove and place in a beaker of 
distilled water, permitting the water to 
rise slightly higher around the slide than 
when immersed in the cleaning solution. 
Let remain momentarily, transfer to a 
second and third beaker of distilled water, 
employing a similar technique. Allow 
slide to dry thoroughly, and examine sur- 
face for carbon residue. As an alternate 
method, 0.5 ml. mineral oil may be used 
together with 0.5 g. carbon black and 
100 ml. of the solution to be tested. 
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B-3 


The following data were developed 
from very tentative notes made avail- 
able by Frazer of The Cowles Detergent 
Co.: 


Soil: 
Kind. 


1. Benzol soot mixed by spatula 
with 100 viscosity (at 100 F.) straight run 
mineral oil. 

2. One gram L. Martin and Co. 
Grade J extracted carbon black to 33 
drops of 100 viscosity at 100 F. straight 
run mineral oil, ground together with a 
spatula. 


Application. 

1. Preparation of panels.—Cleaned 
by swabbing in trichloroethylene, fol- 
lowed by successive dip rinses in two 
more beakers of trichloroethylene. 

2. Method.—Applied as a circular 
reference spot of about 3-in. diameter at 
one end of plate at time of test. 


Cleaning Technique: 
Metals. 


1. Kind.—Steel plates. 
2. Size.—1} by 6 in. 


Solution. 


1. Amount Detergent. —Unspecified. 

2. Volume.—About 300 ml. in 400- 
ml. beaker. 

3. Temperature.—Room. 

4. Time.—1 min. 

5. Agitation.—Soaked in emulsion. 


Method.—Soak bath 


Rinsing. 
1. Time.—About 5sec. 


2. Temperature.—About 120 F. 

3. Volume.—Jet from a }-in. hot — 
water tap. 

4. Agitation.—Spray. 


Drying. 
1. Temperature.—Dried by own heat a 

in air. 
Measurement of Soil Removal: 


Visual, and by wiping cleaned surface 
with white cheese cloth. 


Notre—Straight kerosine, a frequent 
component of cleaners of this type and — 
considered as the reference (since its action - 
alone should be improved by a oot 
cleaner formulation involving it), did oot 
give complete removal of the carbon spot. 
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DISCUSSION 


The soil used in the evaluation of 
cleaners for the solvent emulsion 
method comprised lube oils mixed 
with talcum powder, carbon black, 
or benzol soot. 
The methods of operation varied 
somewhat, but generally were of the 
“soak” tank type. 

Considerable care is shown in 
several methods in designation of 
_ the method for rinsing. 

Measurement of soil may be 

visual, visual by comparison with 

the uncleaned portion, photometric 

measurement of transmittance 

through glass, or by electrodeposi- 

tion of a copper plate to a cleaned 
steel panel. 


METHOD C—ELECTROLYTIC 
CLEANING 
Meruop C-1 


The electrocleaning technique described 
_ by Meyer (241) follows: 
Soil: 


Kind. 


1. Commercial anhydrous lanolin. 
2. Extreme pressure lubricant for 
_ heavy and decp drawing operations con- 
taining a chlorinated compound. 
3. Pigmented drawing compourd con- 
taining palm oil. 


Application. 


2. Method.—These soils were ap- 
plied under pressure to steel panels and 
the panels then baked at 350 F. for 20 

‘min. 


Cleaning Technique: 


Metals. 
1. Kind.—Steel. 
Solution. 


1. Amount Detergent.—8 oz. per 


gal. 
2. Temperature.—200 F. 


3. Time.—Time recorded for clean- 


4 ing. 
Method.—Anodic or cathodic cleaning 
at a current density of 10 amp. per sq. ft. 


1. Preparation of Panels. a 
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Measurement of Soil Removal: 
Absence of waterbreak. 


C-2 


The Hanson-Van Winkler-Munning Co. 
has developed a laboratory procedure use- 
ful for the evaluation of electrolytic metal 
cleaners. 

They describe laboratory apparatus 
for the evaluation of either soak or elec- 
trified cleaners. The equipment pro- 
vides for positive circulation (by pump) 
and an overflow bath. A titration method 
is recommended for determining the 
effective remaining alkali in the cleaning 
bath. Use of a laboratory centrifuge (to 
remove insoluble soil from the used clean- 
ing bath), the control cleaning apparatus, 
and the titration analyses serve to decide 
the period at which the bath should be 
discarded. The apparatus is shown in 
Fig. 1. 


Pump 
— 
1 itt Anode 
Delivery 
i] 
— 
Intake 


Fic. 1.—Laboratory Apparatus for the 
Evaluation of Cleaners. 


The effects of variation of current den- 
sity, temperature, and concentration upon 
the cleaning rate of electric cleaning are 


illustrated. 
DIscuUSsSION 


Relatively few methods for the 
exclusive evaluation of electrolytic 
cleaners were found, but a labora- 
tory set-up of interesting poten- 
tialities is described and, presum- 
ably, a variety of soils may thus be 
removed. 


METHOD D—CARBON REMOVAL 
MeEtTuHop D-1 


The U. 8S. Naval Engineering Experi- 
ment Station (126) investigated a tena- 
cious type of soil somewhat similar to that 
deposited on the surfaces of internal com- 
bustion engines. Duralumin panels were 
soiled by the following method, developed 
at the station: 

1. Heat duralumin to near the softening 
point, 

2. Plunge the specimen into a bath 
containing 1 per cent of Oildag in 
N.S. 1100 oil, 

3. Burn off oil and bake residue at lower 
temperature, repeat several times, 
and 

4. Allow the specimen to cool in the bath. 


The above method produces a uniform 
soil which is impervious to ordinary soap 
and water. The efficiency of several 
cleansers was determined using this soil. 


Metuop D-2 


Another suggested soil is that described 
by Cosgrove (90). 

A burnt spot of transformer oil was de- 
posited upon a metal surface and meas- 
urement and comparison was made of the 
elapsed time to remove the spot. 


Metuop D-3 


A cleanser specification (215) has the 
following essentials: 


Soil: 
Kind. 
2.5 per cent 
Grade 120 aircraft en- 
2.5 per cent 
20.0 per cent 
65.0 per cent 


Powdered rottenstone..10.0 per cent 


Application. 

1. Preparation of Panels.—Clean 
sheets well and remove any corrosion or 
stain by using a mild abrasive such as pow- 
dered rottenstone in a suitable liquid 
vehicle. 

2. Method.—Coat one surface of 
each panel placed in a horizontal posi- 
tion with parallel strokes of a soft paint 
brush, using the previously well shaken 
soiling mixture. Bake each panel at 
143 to 150 C. for 3 hr. 

3. Aging Period.—Not specified. 
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Cleaning Technique: 


Metal, 
1. Kind.—Aluminum-coated alumi- 
num alloy. 
2. Panel Size.—About 2 by 2 in. 


Solution. 


aqueous solution in soft or softened water. 
20 per cent kerosine solution. Prepare 


similar solutions with the standard 


sample. 

2. Volume Solution.—Pour 50 ml. 
of each of the solutions on separate panels, 
each to be cleaned with a different solution. 

3. Temperature.—Room. 

4. Time.—2 min. 

5. Agitation.—1 min. with a small 
stiff bristled brush. 

6. Replicates.—One. 


Method.—Spread the solutions uni- 
formly over the panels with a brush 
without scrubbing. After 2 min., scrub 
all of panel with a small stiff bristled 


brush for ] min. 
Rinsing. 
1. Time.—Unspecified. 


2. Temperature.—Cold tap water. 
3. Volume.—Unspecified. 


4. Agitation—Low pressure tap 
water at 45 deg. angle. 


Drying.—Unspecified. 
Measurement of Soil Removal: 


Examine visually and compare for 


cleanliness, brightness and residue. 
Metuop D4 


The removal of carbon from engine 
parts (225, 226) is effected by the follow- 
ing test: 


Soil: 


Kind and Method.—Carbonized piston 
from service engine. 


Cleaning Technique: 


Metals. 
1. Kind.—Aluminum alloy. 
2. Size.—One half or one fourth of 
piston. 


Solution. 
2. Volume.—Variable. 


3. Temperature.—135 to 165 F. or 
other temperature specified. 


1. Amount Detergent.—10 per = 


1. Amount Detergent.—Variable. 
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Time.—4 hr. 
5. Agitation.—None. 
6. Replicates.—One. 


Method.—Sections of the same piston 
are immersed in a solution of standard 
compound and a solution of test com- 
pound. 


Rinsing.—In one case (226) no rinsing 
is given but the piston is wiped at hourly 
invervals with a cloth, while in the other, 
water or trichloroethylene and a stiff 
bristled brush are used. 


Drying.—None. 


Measurement of Soil Removal: 


Visual comparisons between results with 
test and standard solutions are made for 
degree of carbon removal. 


DIscussION 


The soil encountered in this type 
of cleaning is probably more tena- 
cious than others because of method 
of deposition and attempt to simu- 
late carbon deposition in internal 
combustion engines. Consequently, 
some degree of mechanical force 
may generally be applied to the 
surface to be cleansed. 

The method for evaluation of 
results is direct comparison with an 
untreated panel or one which has 
been cleaned in a composition of 
known characteristics. Although 
corrosion induced by the cleaning 
compositions may be a controlling 
factor in choice of detergent, this 
has been considered under the sub- 
ject of corrosion tests. 


METHOD E—FRICTION REMOVAL 


The term “friction removal” may be 
used to cover mechanical, manual, brush, 
or spray methods for soil removal. This 
type of soil removal has been segregated 
from the others simply because of the 
method used for evaluating the surface 
cleaners. Although one method described 
is applied to the removal of soil from a 
painted panel, the technique involved 
might readily be applied to soil removal 
from strictly metallic surfaces. 
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Merson E-1 


A standard soil and method for removal 
has been the subject of a Navy Aeronauti- 
cal specification (242): 

Soil: 

Kind.—Light mineral oil and Norit A, 
C, or 8.A.U.-30. 

Application. 

1. Preparation of Panels.—Alumi- 
num alloy panels are anodized according 
to specification, then finished with a 
specified primer, lacquer and finish coat in 
scheduled time. 

2. Method.—Place 1 drop of light 
mineral oil on prepared panel and spread 
oil evenly with tip of one finger over 
this face of the panel. Sift onto the 
oiled panel face Norit A, C, or 8.A.U.-30, 
using a small cheesecloth bag until the 
plate is evenly covered. The plate is 
then turned over and tapped to remove 
excess carbon. 

3. Aging Period.—Not specified. 


Cleaning Technique: 


Metals. 

1. Kind.—Aluminum alloy panel 
0.051 in. anodized according to specifica- 
tion. 

2. Panel Size.—3 by 6 in. with 
corners and edges smoothed. 

Solution. 

1. Amount Detergent.—Preparation 
diluted 1:25. 

2. Volume Solution.—5 ml. 

3. Temperature—Room. 

Method.—Pour and spread 5 ml. of 
1:25 dilution onto soiled plate. The 
panel is then flooded with the 1:25 solu- 
tion and gently brushed with a test tube 
brush, flushed with 1:25 solution once, 
rinsed by pouring 500 ml. of water over the 
panel. All soil and oil should be removed 
by this process. 

Rinsing. 

1. Volume.—500 ml. of water poured 
over panel. 

2. Temperature-——Room. 

3. Agitation.—None. 

Drying.—N ot specified. 


Measurement of Soil Removal: 

Method.—Observe for visual evidence 
of an oil film, soap film or iridescence. 
Results shall be equal to or better than 
those obtained with a standard composi- 
tion. 
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MeEtuop E-2 

The evaluation of paint cleaners (234) 
may be made to conform to the outline 
as follows: 


Soil: 
Kind. 
Metallic brown (N avy Dept. 
Specification 52B1)........ 20 g. 
Kerosine (Navy Dept. Specifi- 
20 g. 


Carbon tetrachloride (Navy 
Dept. Specification 51C34).. 20g. 

Heavy white mineral oil (or 

A lg. 

Forced feed lubricating oil, 

Navy Symbol 3120 (WBS 
lg. 

Hydrogenated vegetable short- 

ening (Federal Specification 
lg. 
Application. 

1. Preparation of Panels.—The pan- 
els shall be initially prepared by apply- 
ing in the following order: One coat each 
of paints conforming to the requirements 
of Navy Dept. Specifications 52P18, 
§2P22, and 52P21. A drying time of 2 
weeks between coats and a minimum 
drying time of 1 month after application 
of the final coat shall be allowed. When 
tests are to be made, panels prepared as 
specified above or panels previously used 
for tests shall be lightly sanded to roughen 
the paint surface, remove any loose paint, 
and improve adhesion of the subsequent 
coat. One coat of paint conforming to the 
requirements of Navy Dept. Specifica- 
tion 52P21 shall then be applied and 
allowed to dry for 4 days. 

2. Method.—The panels which have 
been dried 4 days are laid flat, and are 
evenly soiled by brush, using ‘the well- 
shaken soil given above. The panels are 
then baked in a horizontal position in a 
circulating oven at 100 to 105 C. for 30 min. 

3. Aging Period.—The baked panels 
shall be used within 24 hr. after soiling. 
Cleaning Technique: 

Surface. 

1. Kind.—Steel coated as under 
application 2. 

2. Panel Size.—3 by 10 by */1¢ in. 

Solution. 

1. Amount Detergent.—50 g. per 
liter. 

2. Volume Solution.—87 ml. 

3. Temperature. Room. 


1009 


4. Time.—Dependent upon washer 
apparatus. 
5. Replicates.—Two. 
Method.—Prepare 1 liter each of a tri- 
_ sodium phosphate (U.S.P.) solution and a 
solution of the compound under test at 
“concentrations of 2 g. per liter in distilled 
water. Measure the specular gloss of two 
panels and immerse one panel in each of 
these solutions, kept at room tempera- 
ture, for 1 hr. Remove the panels, rinse 
thoroughly in distilled water, and dry at 
room temperature. Again measure the 
specular gloss of each panel. The per- 
centage decrease in gloss of the portion 
of the panel immersed, compared with the 
gloss of the same panel before immersion 
shall be reported for the compound under 
test and for the trisodium phosphate. 


Rinsing.—Rinse well in tap water at 
room temperature. 


Drying.—Dry at room temperature. 


Measurement of Soil Removal: 
Method. 


Reflectometer.—A photoelectric in- 
strument shall be employed for measur- 
ing the apparent reflectances of test 
panels. It shall be calibrated and used in 
a@ manner such as to give results as per- 
centage reflectance, relative to magne- 
sium oxide, for conditions of 45-deg. il- 
lumination and normal viewing. The 
instrument shall be of a design such that 
measurements obtained by its use closely 
approximate those obtainable through the 
use of I.C.I. Illuminant C and Standard 
Observer. 

Washability Apparatus.—The appara- 
tus to be used in washing soiled painted 
panels with a solution of the compound to 
determine cleaning efficiency shall be 
equivalent to the apparatus illustrated by 
Figs. 2 and 3. This apparatus shall con- 
sist of a wooden baseboard covered with 
tinplate, at one edge of which is mounted 
a heavy duty air-pressure. operated wind- 
shield wiper. The wiper arm shall extend 
part way across the base plate and to its 
end shall be soldered a brass box to serve 
as a receptacle for a cellulose sponge. 
The sponge shall be cut to dimensions of 
41 by 1} by 23 in. dry, or 5 by 3 by 
2} in. wet. The weight of the box plus 
dry sponge shall be adjusted to 1 Ib., 11 oz., 
by means of lead washers placed on pins 
at the corners of the box, and the spring 


in the wiper arm disconnected to avoid 
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extra pressure. In operation, a soiled 
painted panel shall be held by stops at the 
center of stroke of the wiper arm and the 
number of strokes recorded on an auto- 
matic counter. It is not absolutely essen- 
tial that the sponge box (and sponge) 
be moved by a windshield wiper as good 
results can be obtained by moving the 
sponge box back and forth in the same 
manner by hand. 
Procedure.—Measure the reflectance 
of a painted panel prepared as specified 
and soil the panel as specified. Place the 
soiled panel in the space in the base plate 
4 of the washability apparatus and pour 
(over it 50 ml. of a distilled water solution 
containing 50 g. of compound per liter of 
solution. Allow the panel to soak 1 min. 
and in the meantime pour 24 ml. of the 
same solution over the cellulose sponge and 
insert this in the box attached to the 
wiper arm. Start the wiper at the rate 
r of 1 stroke (4 cycle) per second and al- 
low to continue for 100 strokes (50 cycles). 
Allow the same detergent solution to drip 
on the panel from a burette at such a rate 
that approximately 12 ml. are delivered 
during the 100-stroke period. Remove the 
panel and sponge, rinse the panel, and 
squeeze out the sponge in cold tap water. 
Replace the panel in the space provided 
for it, but reversed end for end from its 
previous position. Repeat all the pre- 
vious cleaning steps But omit the addition 
of 50 ml. of solution to the panel. Re- 
move the panel, rinse well with tap water, 
and dry at room temperature. Again 
measure the reflectance of the panel. 
Make duplicate determinations of the 
cleaning efficiency at 50 g. per liter con- 
centration in distilled water and duplicate 
determinations in synthetic sea water. 
Measure reflectance of the painted 
panel prior to soiling, then repeat the 
_ reflectance measurement after the wash- 
ing process. 
Calculate cleaning efficiency by the 
following formula: R 
Per cent Cleaning Efficiency =—* X 100 
where Ri 


R, = Reflectance of unsoiled, unwashed 
painted panel, and 
R: = Reflectance of soiled, washed 


painted panel. 


METHOD F—PAINT STRIPPING 


Although paint stripping may not usu- 7 


{ ally be considered as metal cleaning, the 


1010 HARRIS ON METAL CLEANING: II—Som REMOvAL METHODS _ 


fact that there is a demand for such prod- 
ucts, secured under specification, is 
indication that there is a demand for ma- 
terials to produce this effect. The tech- 
nique used in evaluation of such prod- 
ucts falls into the metal cleaning category. 


METHop F-1 


Several specifications (220, 221, 223, 
240) have been developed for the evalua- 
tion of paint strippers. Their essential 
characteristics have been condensed to 
the standard form. 


Soil 


Kind.—Primer of zine chromate and 
two enamel coats of varnish, cellulose 
nitrate or high resin phthalate lacquer, 
glyceryl phthalate enamel, or black glyc- 
ery] phthalate. 

Application. 


1. Preparation of Panels.—Anodized 

2. Method.—Primer is sprayed on- 
to one side and dried 1 hr. before next 
coat. Varnish, enamel or lacquer is then 
applied according to schedule with defi- 
nite time periods between coats and be- 
fore baking, as well as definite baking 
periods and temperatures. 

3. Aging Period.—Not 
Apparently used at once. 


specified. 


Cleaning Technique: 


Metals. 
1. Kind.—Aluminum-alloy sheet 
coveredwith chromic-acid type anodic film. 
2. Panel Size.—3 by 6 in. by 0.051 
in. properly numbered. 
Solution. 


1. Amount Detergent.—Not given. 

2. Volume.—Complete immersion or 
brushed onto surface being stripped. 

3. Temperature—Room, or speci- 
fied. 

4. Time.—If brushed on, 5-min. in- 
tervals between applications, or if im- 
mersed, the time for removal is observed 
by stroking with a soft bristle brush. 

5. Agitation—As indicated under 


“Time.” 


6. Replicates.—Apparently one. 
Method.—Solution 2 and solution 4. 
Rinsing. 

1. Water. 

(a) Time.—lIndefinite to 5 min. 
(b) Temperature.—77 to 185 F. 
(c) Volume.—Unspecified. 


| — 
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Agitation.—Unspecified. yield to less drastic treatment than 
is 2. tenacious soils, and the composition 
of the basis metal will influence the 
d- (c) Volume.—Unspecified. _ choice of both cleansing agents and 
(d) Agitation.—Unspecified. methods of operation. 
(e) Drying.—Room temperature. A number ‘of investigators have 
J 
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Fic, 2.—Washability Apparatus. 


n- Measurement of Soil Removal: carefully considered the method of 
n- Method.—Visual, for corrosive attack, soil application but not all have re- 
ed — — and presence of ported upon the reproducibility of 
their soils. It is presumed that the 
DIscUSssION OF SOIL panels are free from contaminants 
It is evident from the variety of prior to application of the soil, or 
soils described, and their method of that this has no bearing upon re- 
preparation, that a single soi] will sults, but several methods rightly 
not cover all the possible condi- contain definite directions in this 

; tions encountered, nor is this neces- respect. 


sary. A lightly adherent soil will In the interest of improved re- 
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producibility, definite 


of the panel prior to soil application, 


even though this may seem super- 
Specific, clear directions 


fluous. 
should be given for the preparation 


and application of the soil to the 
panel surface, and pertinent vari- 
ables should be under full control. 
The age of the soil may have marked 
bearing upon ease of removal, and 
several methods contain a specifica- 
tion to control this factor, so that 


directions 
should be given for the preparation 


] —Washability Apps 


directions should be given to avert 
possibility of error from this source. 


DIscussION OF CLEANING 
TECHNIQUE 


in cleaning technique has marked 
effect upon the reproducibility of 
the method. Presumably, the 
cleaning method (soak tank, etc.) is 
conducted either under arbitrary 
conditions or ones which attempt 
to reproduce plant conditions. 


Control of the factors involved 
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Few of the tests indicated the 
number of replicate tests which were 
necessary to substantiate findings, 
perhaps because of insensitiveness of 
the means for measuring the degree 
of soil removal. 

The ease of removal of cleaning 
composition contaminated by soil 
is an important factor and several 
tests for rinsing effectiveness have 
been developed. It is obvious that 
a detergent must not only assist in 
removing soil from a given surface, 
but must retain the soil in suspen- 
sion so that the surface is not recon- 
taminated upon withdrawal from 


the cleaner bath, or upon rinsing. 


DISCUSSION OF MEASUREMENT OF 
Sor, REMOVAL 


One of the most difficult features 
of the actual cleaning test is deter- 
mination of degree of effectiveness of 
soil removal. The test most often 
used, under the theory that a clean 
surface will be uniformly wetted by 
water, is the time-honored ‘‘water- 
break” method. The absence of 
“waterbreak” is taken as indication 
of absence of oily, water-repellent 
contaminant. Recently developed 
information indicates that preferen- 
tial adsorption can take place at 
metal or other surfaces, and that 
this could take place with metals 
presenting a presumably ‘‘clean” 
surface because the adsorbed coating 
is “hydrophilic” or the opposite of 
water-repellent. The presence of 
such a film, however, might not be 
desirable at a subsequent step in the 
manufacturing operation. Conse- 
quently, a more specific and sensi- 
tive test is desirable. 

One of the most recent advances 
in measurement of soil retention is 


that of Morgan and Lankler who 
utilized a fluorescent dye, ultra- 
violet light, and photography. The 
sensitivity of the method was 
checked gravimetrically and the 
minimum amount of oil detectable — 
(containing the fluorescent dye) 
was 0.000004 g. per sq. cm. of 
metal surface. The application of 
photometric measurement to this 
technique would provide more rapid 
and valuable data. 

Photometric means for measure- 
ment of reflectance are used in one 
method in which partial or total 
removal of soil is effected. The 
advantage to photometric measure- 
ments is obvious since comparisons 
automatically become numerical. 


> 
SUMMARY 
None of the methods described is _ 7 
recommended by Section G, since 
the object of this paper is to present ; 
all available methods and to evalu- 
ate them according to an “ideal” 
outline. It is expected that the 
data thus developed will aid materi- 
ally in subsequent Section work. 
The varieties of soils which may 7 
potentially contaminate metal are 
many, and the possible methods 7 
which may be utilized in removal of : 
such soils are likewise varied. It is 
not unusual, therefore, that pub- 
lished methods for laboratory 
evaluation of soil removal are nu- ' 
merous and that techniques are also J 
varied. 
No attempt is made either to 
dictate which soil shall be used, 
nor the method of removal, but 
factors which may be variable 
should be recorded and greater — 
attention paid to attempts to im- 
prove the degree of reproducibility. - 
To this end, a general outline is 
given covering the preparation and 
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_ application of the soil, the clean- 
ing technique, and the measure- 
ment of degree of soil removal. 
Only recently have efforts been 
made to utilize other than visual or 
gravimetric methods for estimation 
of degree of soil removal, both of 
which are lacking in sensitivity. 
Recently developed methods use 
either photometric measurement of 
soil removal or photographic meas- 
urement of fluorescence produced 
by dye present in oil which con- 
taminates a metal surface. 
Evaluation of seventeen methods 
for measurement of soil removal 
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indicates the need for closer control 
of all factors involved in the evalua- 
tion method. This will be particu- 
larly true with the development of 
more accurate and sensitive methods 
which can be used for evaluation of 
the cleaned surface. 
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STEAM-DISTILLED PINE OIL'* 


By V. E. Grortiiscu? H. N. Burstern? 


Steam-distilled pine oil is a mixture of 
terpenes obtained from the heartwood 
of old longleaf yellow pine stumps by a 
steam and solvent recovery process. It 
consists essentially of tertiary terpene 
alcohols (chiefly alpha-terpineol), and 
the secondary alcohols borneol and 
fenchyl alcohol, together with relatively 
smaller quantities of terpene hydro- 
carbons, such as alpha- and beta-pinene 
and dipentene, and the terpene ethers 
cineol, methyl] chavicole, and anethole. 

The principal uses of pine oil are as a 
frothing agent in the flotation process of 
ore recovery in the mining industry, as a 
penetrant and a wetting agent in the 
scouring of wool, and as a thinner and 
setting retardant in some types of paint 
and varnish. Pine oil is also used in the 
manufacture of insecticides, disinfec- 
tants, cattle dips and sprays, as a per- 
fume or counter-odorant in cleaning 
compounds, and as a source of certain 
chemicals and pharmaceuticals—terpene 
alcohols and their derivatives and terpin 
hydrate. 

The commercial value of pine oil, for 
most of these uses, is dependent primar- 
ily upon its terpene alcohol content, and 
to a lesser extent, upon the absence of 
moisture. The high-gravity, light-col- 
ored commercial pine oils contain the 


* Also published in ASTM Buttetin, No. 132, Jan- 
uary, 1945 10 

from the Cotton and Fiber Branch, 
Office of Services, War Food Administration, 
Washington, D. 

Chairman, ‘S.T.M. Committee D-17 on Naval 
Stores; Chief, Naval Stores Section, Cotton and Fiber 
Branch, Office ‘of Marke ting Services, War Food Adminis- 
tration, Washington, D. C. 

3 Chemist, Naval Stores Section, Cotton and Fiber 
Branc h, Office of aw Services, War Food Adminis- 
tration, Washington, D. 


highest percentage of alcohols and are 
almost anhydrous. In spite of the 
importance of the alcohol content of pine 
oil, methods used in the industry for 
determination of terpene alcohols when 
this study was begun in December, 1942, 
had not been completely standardized. 
Correspondence with several pine oil 
producers regarding their methods of 
test brought forth opinions that the 
methods were not entirely satisfactory 
but were the best available. This study 
was undertaken to explore the possibilities 
of standardizing existing methods as well 
as of developing new methods of deter- 
mining the alcohol content of pine oil. 


EVALUATION OF SELECTIVE TERPINEOL 
DEHYDRATION 


Some of the methods studied during 
the initia] stages of this work were con- 
cerned with the determination of only 
the terpineo] content of pine oil and were 
based on the supposition that only this 
constituent breaks down to water and 
dipentene when the pine oil is boiled 
with a weak catalyst in the presence of 
sufficient mineral oil to keep the tempera- 
ture down. Although this principle could 
be applied to industrial separations,’ its 
quantitative application was open to 
question. 

One procedure called for a certain 
amount of refluxing with phthalic an- 
hydride, to protect the secondary alco- 
hols by esterification, before proceeding 
with the dehydration of the terpineol. 


4“Method of Separating Certain Components from 
Pine Oil,’’ U. S. Patent No. 1,932,183, October 24, 1933. 
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THE DETERMIN ATION OF THE TERPENE ALCOHOL CONTENT OF 
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Our experiments showed that only a 
partial esterification takes place in any 
reasonable length of time. According 
to the work of Chadwick and Palkin (1),® 


: was necessary to reflux fenchy] alcohol 


and phthalic anhydride in benzene 
solution for 48 hr. in order to prepare the 
acid phthalate in substantially quanti- 
ative amount. This, of course, is 
entirely impractical for an analytical 
procedure. 

By increasing the quantity of mineral 
ol present, an attempt was made to find 
a minimum temperature at which 
terpineol would be dehydrated without 
_ affecting the secondary alcohols. This 
was also unsuccessful, as the temperature 
at which complete dehydration of ter- 
_ pineol occurred was also high enough to 
cause decomposition of some of the 
secondary alcohols. 

Experimental Procedure for Selective 
Terpineol Dehydration.—Samples of the 
tertiary and secondary alcohols, and 
known mixtures containing alpha-pinene 
to simulate various types of pine oil, 
_ were selected for study. 

A 100-g. portion of each sample, to 
which had been added an equal quantity 
of mineral spirits (Varsol), was de- 
hydrated by using weak catalysts of the 
_ type recommended for selective tertiary 
alcohol dehydration. These included 
fuller’s earth, metallic copper and a trace 

‘of iodine, and solid potassium acid 
sulfate. 

Some runs were made with a prelim- 

-_= refluxing with phthalic anhydride. 

Additional runs were made in which the 
volume of mineral oil present was in- 

creased to permit the dehydration to 

take place at lower temperatures. 
The water liberated was collected in a 

_Barrett-type moisture trap, and the 

_terpineol content of the mixture calcu- 


_ 5 The boldface numbers in parentheses refer to the list 
of references appended to this paper, see p. 1022. 
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lated and compared with the amount of 
terpineol known to be present. 

The results presented in Table I 
show conclusively that terpineol is not 
completely dehydrated in all cases by 
these catalysts, with time and tempera- 
ture both affecting the results to a large 
degree. On the other hand, borneol and 
fenchyl alcohol are also substantially 
dehydrated (up to 77 per cent) by fuller’s 
earth alone. Hence, the above type of 
procedure cannot be used to measure the 


TABLE I.—PERCENTAGE DEHYDRATION OF 
TERPENE “en WEAK 


CATALYS 
Alcohols | 
Present, | 2 
Indicated 
§ Catalyst or Method Percentage 
Used of Tertiary 
P| | & Alcohols 
100 | ... .. | Copper and Is, 8 hr. at | Variable, 
171 up to 100 
100 | ... KHSOs, 5 hr. at 100 
100, Copper ‘and Is, 4 hr. at 30 
100 |... Solid KHSOs, 4 hr. at 3) 
116 
100 |... Fuller’s earth (numerous} Variable, 
runs) all less 
than 100 
25 75 — (one run) 13 
100 ate opper and 58 
100 uller’s 77 
100 a Phthalic anhydride, ful- 
| ler’s earth 43 
42 19 | 39 Fuller’s earth 60 
60 20! 20 | Phthalic anhydride, ful- ; 
ler’s earth 67 to 70 
oo 20 | Copper and | 53 to 63 


@ Reflux temperature decreased by addition of excess 
quantity of mineral oil. 
terpineol content of pine oil quan- 
titatively. 

Selective halogen addition to the 
terpene alcohols was also tried and 
discarded, since quantitative halogen 
addition to terpene alcohol mixtures was 
impossible to control, due to substitution 
on all the alcohols.* Other investigators 
have come to the same conclusion con- 


6Wijs iodine procedure, Klimont bromine method 
(Arch. Pharm., Vol. 250, p. 579 (1912)), and thiocyanogen 
addition were all tried and found unsuccessful. For a 
further study, see Joshel, Hall, and Palkin, Jnd. Eng. 
Chem., Analytical Edition, Vol. 13, p. 447, July 15, 1941. 
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cerning halogen addition as a means of 
measuring unsaturation in the terpene 
series (2). 

Although there is evidence to indicate 
that the terpineol content of pine oil 
could be determined by catalytic hydro- 
genation after removal of all terpene 
hydrocarbons, as in the borate method 
described later in this paper, this was 
not attempted, as it was felt that such an 
involved method, using special equip- 
ment of high initial cost and requiring 
considerable skill in its manipulation, 
was not suitable for a standardized 
analytical procedure. 


ToTAL TERPENE ALCOHOL DEHYDRATION 


It was decided that a method of esti- 
mating the total alcohol content of pine 
oil, rather than the terpineol content 
alone, would best serve as a means for 
evaluating the product, until such time 
as a satisfactory procedure for terpineol 
assay could be developed. Ono, Hira- 
yama, and Matsuzaki (3) had shown that 
the various terpene alcohols could be 
quantitatively dehydrated by using phos- 
phoric acid as the catalyst. As varia- 
tions of this procedure were evidently 
being used in several commercial labora- 
tories, it was considered desirable to 
study and attempt to standardize it. 

In this connection it is to be noted 
that this is not a simple dehydration to 
dipentene and water, as it has been 
shown (4) that when terpineol is de- 
hydrated the resulting end product 
consists of a mixture of dipentene, 
terpinene, terpinolene, and lower boiling 
menthadienes, as well as unidentified 
high boiling products, probably terpene 
polymers. 

In order to test the effectiveness of a 
proposed method, using small quantities 
of both fuller’s earth and phosphoric acid 
at the same time, on the terpene alcohols 
found in American pine oil, the dehydra- 
tion was carried out on several samples 
of alcohols as follows: 
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Experimental Procedure for Catalytic 
Dehydration.—A 0.1-g. portion of fuller’s 
earth was weighed into a tared, 250-ml. 
round-bottom flask containing a few 
glass beads. A 100-g. portion of a 
known solution of the alcohols in pinene 
was pipetted into the flask along with 
0.3 ml. of syrupy phosphoric acid. The 
flask was connected to a Barrett-type 
water trap’ fitted at the top with a reflux 


‘condenser, and at the bottom with a 


rubber tube and 
reservoir. 

After bringing the mercury level up 
into the graduated leg of the trap to 4 in. 
below the side tube, gentle heat was 
applied until the reaction started. The 


movable mercury 


TABLE II.—PERCENTAGE DEHYDRATION OF 
TERPENE ALCOHOLS, USING FULLER’S 
EARTH AND PHOSPHORIC ACID CATA- 


Calculated Percentage 


Alcohol of Alcohols 


Terpineol liquid (practical grade) .| 104.3, 104.1, 105.0% 


Terpineol (recrystallized, melting| 100.3, 99.5, 101.1, 98.4, 
mean 99.8 


Fenchylfalcohol (technical)....... 100.2, 97.5 
Borneol,(pure)....... 


“ High results probably due to dissolved moisture. 


reaction proceeds vigorously at first 
with very little heating. The water 
and hydrocarbons formed were collected 
in the trap, the mercury level being 
lowered, when necessary, to retain the 
water. When the reaction appeared 
to have slowed down, as indicated by a 
slow increase in the volume of water 
collected, most of the hydrocarbons were 
returned to the flask by raising the level 
of the mercury in the trap. Then the 
mercury level was again lowered to 
permit continued distillation and trap- 
ping of the distillate. After several 
such operations, and when it was evident 
that no more water was being liberated, 


7 Later, a specially designed, more accurate and more 
suitable water trap was provided for this method. Its 
design is shown in Fig. 1 of the A.S.T.M. Tentative Meth- 
ods of Sampling and Testing Pine Oil (D 802 - 44 T) 
1944 Book of A.S.T.M. Standards, Part II, p. 1520, and 


Part IIT, p. 2086. a 
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the distillation was stopped. Each milli- 
liter of water collected in the trap repre- 
sents 8.56 g. of terpene alcohol having a 
_ molecular weight of 154.14. The results 

- are shown in Table II. 

From these results it could be con- 
cluded that this method should prove 
satisfactory for determining the total 
alcohols in pine oil, but it seemed desir- 

F able to obtain further proof that such a 

~ conclusion was justified. (Cineole would 

i also be dehydrated along with the alco- 
hols, thereby tending to give high 

H results, but since the cineole content of 
pine oil i is quite small, it was felt that this 

_ would not have a material effect on the 

_ results obtained by this method.) 


APPLICATION OF OTHER METHODS OF 
ALCOHOL DETERMINATION 


As an entirely different approach to the 
problem, consideration was given to 
- other possible methods based on con- 
version of the alcohols to esters or to 


compounds other than water. Here 
three procedures seemed to possess 
possibilities, namely, acetylation, the 


 Zerewitinoff method (5), and the Kauf- 
mann borate procedure (6). 


Acetylation: 


Although the terpene alcohols borneol 
and menthol react quantitatively with 
acetic anhydride to form acetates, the 

reaction in the case of tertiary alcohols 
does not proceed to completion, due 
mainly to the opposing reactions of 
hydrolysis and dehydration. Chemists 
in the laboratory of Schimmel and Co. 
(7) found that after 45 min. only 84.4 
per cent of linalool had been esterified, 
and after 120 min. there was only 77.9 
per cent of ester left in the reaction mix- 
ture. From this it was assumed that 
decomposition of both ester and alcohol 
begins before acetylation is complete. 
A. Verley and F. Bélsung (8) tried to 


acetylate terpineol quantitatively in 


borneol, 
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pyridine solution, but this variation of the 
procedure also failed due to decomposi- 
tion as above. In the face of such 
evidence, acetylation was disregarded 
as a means of determining the alcohol 
content of pine oil. It has not yet been 
possible to explore the possibilities in the 
analysis of pine oil of several more 
recent modifications of the esterification 
procedure, including a form ulation proc- 
ess in special solvents. It is hoped that 
this can be done in the near future. 


The Zerewitinoff M. ethod: 


The Zerewitinoff method determines 
the active hydrogen content of a material 


TABLE III.—-PERCENTAGE OF ALCOHOLS 
FOUND IN TERPENE HYDROCARBONS AND 
ALCOHOLS BY ZEREWITINOFF METHOD. 


Alcohols 
Sample Found, 
per cent 
Terpineol’. 99.4, 100.7 
93.3, 94.0 
Fenchyl alcohol®. . 97.7, 98.9 
49 per cent total alcohols, 5i perc ent other 
terpenes* 48.4, 50.6 
68 per cent total alcohols, 32 per cent other 


from EK terpineol. 
< A. pure borneol. 


¢ FRechnical grade, supplied by Givaudan-Delawanna 
Inc., New York, N. Y. 


“i Mixtures of terpineol, borneol, and fenchyl alcohol 
with pinene and dipentene, prepared as percentages by 
weight. 
and is therefore adapted to the alcohols. 
Its further study was suggested by 
Zerewitinoffi’s recorded successful _re- 
sults with the terpene alcohols them- 
selves (9). The method depends essen- 
tially on the reaction between the alco- 
hols and methyl magnesium _ iodide 
(Grignard reagent), with the evolution 
of methane, the volume of which serves 
as a basis for the calculation of the alco- 
hol content. The authors successfully 
repeated Zerewitinoff’s results, as shown 
by the data in Table III. No immediate 
explanation can be advanced for the 
slightly low values obtained by us for 
but they are not considered 
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to be of particular concern, in view of the 
relatively small percentages of this 
secondary alcohol in natural pine oils. 
Particularly gratifying were the findings 
that the terpene hydrocarbons and ethers 
would not interfere with the action of the 
Grignard reagent. Zerewitinoff had pre- 
viously stated that fenchone, camphor, 
and menthone also did not interfere. 
A series of tests were then run on three 
authentic samples of steam-distilled pine 
oil, all of which had previously been 
tested by the dehydration method. The 
procedure outlined below was followed. 
Results are tabulated in Table IV. 
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gas pressures, and then, with the stop- 
cock opened to the atmosphere, the 
leveling tube was raised until the burette 
was filled with mercury. The stopcock 
was then closed. 

The solutions in both arms of the 
reaction tube were then brought to- 
gether, and at the same time the gas 
burette was opened to the reaction tube. 
The evolved methane was kept at 
atmospheric pressure by lowering the 
leveling tube. The reaction tube was 
shaken vigorously for several minutes 
until no more methane was evolved. 
The system was allowed to come to 


TABLE IV.—ANALYSIS OF PINE OILS FOR TOTAL ALCOHOL CONTENT BY ZEREWITINOFF METHOD 
FOR ACTIVE HYDROGEN. 


Pine Oil B Pine Oil C 
81.5; 81.3; 81.5; 81.0; e P . 
$1.8 per cant dao | 78.5 per cent by dehydration 73.1 per cent by dehydration 
2 tL tb 
| € | 88185 | | 8) gs 
a =a ss is 2 ssi 3a 
ek | ses!) ee ses) 2 | ses 
o~ a | o- | ba | 528 $a | 528 
= > < a i=) = | > < = a = > < a a 
0.1889 | 21.8 79.9 | 0.1 1.4 0.3039 33.4 | 76.1 | 1.0 2.4 0.2104 | 20.8 | 68.3 | 1.7 4.8 
0.1997 | 22.5 | 78.1 | 1.9 3.2 0.1862 | 20.7 | 77.1) 0 1.4 0.2062 | 21.5 | 72.1 | 2.1 1.0 
0.2794 32.2 | 79.8 | 0.2 1.5 0.2838 | 32.3 | 78.9 | 1.8 0.4 0.2791 | 29.0 | 72.0 | 2.0 i 
0.1951 | 22.7 | 80.5 | 0.5 0.8 0.2051 | 22.6 | 76.6) 0.5 1.9 0.2090 | 20.7 | 68.5 | 1.5 4.6 
0.2470 | 28.9 | 80.9 | 0.9 0.4 0.1902 | 21.1 | 76.6) 0.5 1.9 0.2287 | 23.3 | 70.3 | 0.3 3.2 
0.2665 31.1 | 80.8 | 0.8 0.5 0.1774 | 19.5 | 75.9] 1.2 2.6 0.2538 | 26.2 | 71.4 | 1.4 $7 
| 0.2572 | 28.8 | 77.5] 0.4 | 1.0 | 0.2132 | 21.2 | 68.7 | 1.3 4.4 
0.2630 | 29.2 | 76.8 | 0.3 | 0.2558 | 25.5 | 70.0 | 0 3.1 
| 0.2529 | 28.8 | 78.8] 1.7 0.3 0.2446 | 24.4 | 69.1 | 0.9 4.0 
Mean... | $0.0 | 0.75] 1.3 7.1/0.8 | 1.5 70.0/ 1.25| 3.1 
Maximum Devi- | 
1.9 3.2 | 1.8 2.6 | 2.1 4.8 


Experimental Procedure for Zerewitinoff 
Method.—A 0.17 to 0.30-g. sample was 
accurately weighed out into the large 
compartment of a special Zerewitinoff 
tube, and dissolved in 15 ml. of dry 
xylene. Five milliliters of Grignard 
reagent in dry diisoamy] ether (or in dry 
phenetole) were then pipetted into the 
small arm of the reaction tube, and the 
tube connected to a water-jacketed gas 
burette of the Lunge type, containing 
mercury and fitted with a leveling tube. 

The stopcock of the burette was 
removed for a moment to equalize the 


equilibrium, and the volume of methane 
read. The percentage of alcohols in 
the sample was computed as follows: _ 


Alcohols, per cent 


_ Vo X 9.000719 154.14 100 


where: 


Vo = volume of methane cor- 
rected to 0 C. and 760 
pressure and cor- 


— 8.56M 
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154.14 = molecular weight 
alcohols sought, 


of the 


W = weight of sample taken, 
0.000719 = weight of 1 ml. of methane 
at standard conditions, 
(16 = molecular weight of meth- 
ane, and 
M = percentage of moisture in 
sample. 


The values obtained were in most 
cases slightly lower than those obtained 
by the dehydration method. It must 
be remembered that the latter tends to 
give slightly high results, whereas the 
Grignard reagent method gave slightly 
low results with the secondary alcohols. 
‘If the values in Table IV showing a 
deviation from the dehydration method 
_ of more than 2 per cent on sample B, and 
more than 4 per cent on sample C, were 
eliminated from the calculations, then 
the mean values for total alcohols be- 
come 77.5 and 71.2 per cent, respectively, 
which are less than 1 per cent off from 
the dehydration values. We _ believe 
that it is safe to conclude that the 
Zerewitinoff method can be used for 
determining the total alcohol content of 
pine oil within a maximum probable 
error of +3 per cent. 

The method seems especially adapt- 
able to the plant control laboratory 
because of the speed with which indi- 
_ vidual samples can be tested, as well as 
to the central testing laboratory where 
frequently only small quantities of 
sample are available. It is hoped that 
further study may result in eliminating 
some factors, not now evident, which 
caused the wide variations recorded. 


e he Kaufmann Borate Procedure: 


A. A. Kaufmann (6) showed that 
higher alcohols can be separated from 
other constituents of a mixture by the 
use of ethyl borate. This method in- 
volves five steps: (a) the conversion of 
. the alcohols to their nonvolatile borates, 
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(b) removal of the nonalcoholic constitu- 
ents from the reaction mixture, (c) 
hydrolysis and regeneration of the ter- 
pene alcohols, (d) extraction, washing, 
and drying of the extracts, and (e) 
removal of the solvent and weighing the 
recovered terpene alcohols. Chadwick 
and Palkin (1) used this method, but 
with butyl borate instead of ethyl 
borate, in their examination of steam- 
distilled wood turpentine. For use with 
pine oil, several modifications of their 
procedure were found necessary. 

Several different mixtures containing 
known amounts of terpene alcohols were 
first analyzed, followed by two samples 
of steam-distilled pine oil which had 
previously been tested by dehydration. 
The procedure outlined below was fol- 
lowed: 

Experimental Procedure for Borate 
Method.—Fifty grams of sample, 40 g. 
of n-butyl borate (10) and 20 g. of 
xylene were heated with constant stir- 
ring at 70 C. for 30 min. at 60 mm. 
pressure, using an oil bath. The tem- 
perature of the bath was raised and the 
pressure lowered to distill off the solvent, 
excess reagent, butyl alcohol, and non- 
alcoholic portions of the sample. The 
distillation was continued for some time 
at 4-mm. pressure and at a bath tempera- 
ture of 125 C., and finally stopped when 
no more distillate came over. 

The residue of mixed terpene alcohol 
borates was then transferred to a sepa- 
ratory funnel and hydrolyzed, merely 
by shaking with 200 ml. of 5 per cent 
NaOH solution, and the liberated alco- 
hols were extracted with several portions 
of petroleum ether. The combined ether 
extracts were washed until free of butyl 
alcohol, and subsequenily dried over 
anhydrous sodium carbonate. Finally 
the solvent was removed by evaporation 
under reduced pressure. The isolated 
alcohols were weighed. 

It was at first thought that the method 
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could be shortened by weighing the 
terpene alcohol borates obtained after 
the first vacuum distillation of the 
reaction mixtures, and computing the 
percentage of alcohols from this value. 
After many experiments it was con- 
cluded that this was not possible, as the 
results were not uniform. Whether 
an explanation of this lies in the fact 
that the borate esters formed did not 
always possess the same structures is 
not certain, but the results pointed in 
that direction. It is possible that the 
reactions proceeded in such a way as to 
cause varying relative amounts of boric 
acid esters to be formed, wherein one, 
two, or possibly three terpinyl groups 
replaced the n-butyl groups on the boron 


TABLE V.—PERCENTAGE RECOVERY OF 
ALCOHOLS BY BORATE METHOD. 


Alcohols Present in Known Alcohols Found, 
Mixture, per cent per cent 

100.0*, several mixtures...... 97.5, 100.0, 99.1, 99.2, 
98.0, 99.2, 100.0, aver- 
age recovery 99.0 

74.0°, by dehydration....... 73.2 

78.5%, by dehydration....... 77.0 


@ Synthetic mixtures of terpene alcohols and hydro- 
carbons made up by weight. 

6 A mixture of alpha pinene and dipentene from com- 
mercial sources. 

© Regular steam-distilled pine oil. 
™ 4 Steam-distilled pine oil, same as sample B in Table 


atom. When the same idea is carried 
further and applied to the secondary 
alcohols, the number of mixed terpinyl- 
fenchyl-buty! borates possible is evident, 
and it can readily be realized why any 
idea of using a gravimetric factor in 
connection with the weight of the borate 
residues had to be abandoned in favor 
of the longer hydrolysis procedure. 
Results obtained by the above pro- 
cedure on the pure alcohols and mixtures 
thereof were very close to the theoretical, 
as shown in Table V. In the case of the 
two steam-distilled pine oils, results 
averaged about 1 per cent lower than 
the results obtained by dehydration. 
However, as previously pointed out, 
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dehydration results may sometimes be 
slightly high, while on the other hand, 
there is a possibility of a slight loss of 
material in the borate method due to 
handling through the various steps, and 
to volatilization of traces of terpene 
alcohols under vacuum. 

An important advantage of the borate 
procedure lies in its applicability to all 
pine oils regardless of interfering sub- 
stances. The presence of any dihydroxy 
alcohols or terpin hydrate in a pine oil 
would result in excessive values for 
alcohol content where the dehydration 
or the Zerewitinoff procedures are em- 
ployed, since each mole of polyhydroxy 
alcohol contains two or three moles of 
measurable hydroxyl. Using the borate 
procedure such error would be avoided, 
as only the actua] weight of the terpene 
alcohols is involved. Although ordinary 
terpin hydrate, the hydrate of 1,8-terpin, 
occurs to only a slight extent in fresh 
essential oils, it may be formed in many 
of them on long standing (11). In the 
case of synthetic pine oils, there is reason 
to believe that small amounts of terpin 
and terpin hydrate are present, since 
such pine oil can be made from pinene 
through a terpin hydrate process, with a 
yield up to about 89 per cent of ter- 
pineol (12). One synthetic pine oil 
tested in this laboratory showed an 
alcohol content, as determined by de- 
hydration, 12 per cent higher than the 
results obtained by the borate method. 
The moisture present in the sample as 
subsequently determined accounted for 
6 per cent of the difference leaving an 
additional 6 per cent unaccounted for, 
which may have been due to the presence 
of a small amount of unconverted 
polyhydroxy terpene compounds. 

Dissolved moisture is also a serious 
interfering factor where dehydration or 
the Grignard reagent is employed and 
must be determined by some reliable 
procedure and deducted from the alcohol 
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figure. Water content does not affect 

“the Kaufmann procedure. Finally, of 
course, the Kaufmann method offers a 
means of isolating the alcohols of a pine 

“oil for further study, processing or 
identification. 


CONCLUSIONS © 


The determination of tertiary and 
secondary alcohols in pine oils cannot 
4 be made with any degree of accuracy by 
any of the selective dehydration pro- 
cedures so far proposed. The amount 
of tertiary alcohols could not be deter- 
mined by measurement of the amount 
of unsaturation. 

The total terpene alcohol content of 
_ pine oil can be determined by dehydra- 
a with fuller’s earth and phosphoric 
acid. The Zerewitinoff procedure for 
active hydrogen is also suitable for 
_ determining total alcohols in steam- 
distilled pine oils since it gives results 
in fairly good agreement with the de- 


hydration method within a limit of error 
not out of keeping with the recognized 
and accepted deviations for many other 
test methods applied to naval stores 
products. 

The Kaufmann borate procedure may 
be used to check the results obtained by 
either of the above methods, and also 
provides a method by which the com- 
bined alcohols may be recovered from a 
pine oil, if desired for further study. 

In the first and second procedures 
mentioned, the amount of moisture 
present as such in a pine oil must be 
taken into account, since each percent- 
age of such dissolved moisture, if not 
allowed for, would erroneously increase 
the computed percentage of terpene 
alcohols by 8.56 per cent. A further 
study of methods for determining the 
moisture content of pine oil, as well as 
of drying samples preparatory to anal- 
ysis, is being made. 
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SUMMARY OF PROCEEDINGS OF THE SYMPOSIUM 


on Adhesives and presented in conjunction with technical committee meet- 
ings of A.S.T.M. Committees D-9 on Electrical Insulating Materials and 
1-20 on Plastics, was held on Wednesday, October 10, 1945, at the Hotel 
Claridge in Atlantic City. Mr. Eugene O’Hare, Casein Company of 
America, was Chairman of the Symposium Committee. 

The purpose of this symposium was to provide an opportunity for dis- 
cussing the properties of adhesives and the possibilities and means of stand- 
ardization in the adhesives field. ‘The symposium was intended to empha- 
size the use of adhesives as an engineering tool in the assembling of mate- 
rials by adhesion, and also served to orient the work of Committee D-14. 

Seven papers were presented, five of them prepared by the various sub- 
committee officers from information supplied to them by their members, 
who are technical authorities representing leading consumers and producers. 
Thus the papers represent a composite of the knowledge and ideas of the 
committee members. 

The seven papers, presented at a morning and afternoon session, were as 
follows: 


ON ADHESIVES 
The Symposium on Adhesives, sponsored by A.S.T.M. Committee D-14 ; 


Types and Uses of Adhesives—T. R. Truax and R. F. Blomquist 
A General Theory of Adhesion—R. C. Rinker and G. M. Kline 
Strength Properties (Subcommittee I)—R. C. Platow and A. G. H. Dietz 
Analytical Procedures Used on Adhesives (Subcommittee I1)—Leonard Repsher 
Permanence Tests of Adhesive Bonds (Subcommittee III) —Fred Wehmer 
Adhesive Working Qualities (Subcommittee IV)—C. B. Hemming 
Preparation and Use of Specifications for Adhesives (Subcommittee V)—Gerald 
Reinsmith 


Mr. O’Hare acted as technical chairman at each of the sessions. 
The papers have been issued by the Society as a separate publication 
entitled “Symposium on Adhesives.” 


Lized : 
»ther 
tores 
may | 
d by 
also 
ma 
y. 
ures 
ture 
t be 
ent- 
not 
ease | 
ene 
ther 
the | 
l as | 
nal- 
eien 
1im- | 
893, 
nti- 
von | 
eut- 
im- 
her- 
Is,” 
68, 
ep- 
é 
AS 
wal, | 
= 1023 


_ Absorption Tests. 


A Comparison of Absorption and Soundness 
Tests on Maine Sands—Andrew Adams 
and Horace A. Pratt, 771. 


Accelerated Testing. 


See Corrosion; Weathering. | 


Acidity. 


Report on Results of Questionnaire to Utili- 
ties Relating to Tests on Transformer Oil 
in Service. Report of Subcommittee IV, 
Committee D-9, Appendix ITI, 302. 


q Additions. 


Effect of Heat on Portland Cements Con- 
taining Vinsol Resin—Leonard Bean and 
Albert Litvin, 7606. 

Proposed Specifications for Portland Blast- 
Furnace Slag Cement. Report of Commit- 
tee C-1, Appendix II, 162. 

The Testing of Portland Cements Containing 
Interground Vinsol Resin—Raymond L. 
Blaine, Jason C. Yates, and John R. Dwyer, 


732. Discussion, 753. 
Adhesives. 
Adhesives. Report of Committee D-14, 335. 


Summary of Proceedings of the Symposium on 
Adhesives, 1023. 


Aggregates. 


A Comparison of Absorption and Soundness. 


Tests on Maine Sands—-Andrew Adams and 


Horace A. Pratt, ja 


Air Jet. 


Determination of Gum Values by the I.P.T. 
and A.S.T.M. Air Jet Gum Methods—E. L. 
Walters and D. L. Yabroff. Published in 
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ASTM Bu itetin, No. 135, August, 1945, 
p. 40. 


Air Permeability Apparatus. 


Proposed Method of Test for Fineness of Port- 
land Cement by Air Permeability Appa- 
ratus. Report of Committee C-1, Appendix 
IV, 195. 


Aircraft Testing. 


Summary of Proceedings of the Philadelphia 
District Meeting—Symposium on Mag- 
netic Particle Testing, 722. 


Alcohol Determination. 


The Determination of the Terpene Alcohol 
Content of Steam-Distilled Pine Oil—V. E. 
Grotlisch and H. N. Burstein, 1015. yi 


Alloy Steel. 

See also Steel. 

The Effect of Combined Stresses on the Me- 
chanical Properties of Steels Between Room 
Temperature and —188 C.— D. J. McAdam, 
Jr., G. W. Geil, and R. W. Mebs, 448. 
Discussion, 482. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 92. 

Filler Metal. Report of Joint Committee, 94. 

Fracture Testing of Alloy Steels for Aircraft 
Engine Forgings--R. D. Haworth, Jr. and 
A. F. Christian, 407. Discussion, 441. 

-Tron-Chromium, Iron-Chromium-Nickel and 
Related Alloys. Report of Committee 
A-10, 87. 


Alloys, Non-Ferrous. 


See also Aluminum; Brass; Bronze; Cop- 
per; Magnesium; Zinc. 

Cast-to-Size Impact Specimens for Aluminum 
Sand Casting Alloys—R. A. Quadt, p. 705. 
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Chemical Analysis of Metals. 
Committee E-3, 391. 

Compression Testing of Magnesium Alloy 
Sheet—A. A. Moore and J. C. McDonald, 
p. 698. 

Copper and Copper Alloys, Cast and Wrought. 
Report of Committee B-5, 111. 

Copper and Copper-Alloy Wires for Electrical 
Conductors. Report of Committee B-1, 96. 

Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 105. 

The Corrosion-Fatigue Properties of Some 
Hard Lead Alloys in Sulfuric Acid—David 
J. Mack, 629. 

Die-Cast Metals and Alloys. 
mittee B-6, 134. 

The Effect of the Iron Content of Cupro- 
Nickel on Its Corrosion Resistance in “Sea 
Water’—A. W. Tracy and R. L. Hunger- 
ford, 591. Discussion, 613. 

Electrical-Heating, Electrical-Resistance, and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 108. 

Electrodeposited Metallic Coatings. 
of Committee B-8, 149. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 137. 

Non-Ferrous Metals and Alloys. 
Committee B-2, 102. 

Recommendations Affecting Standards for 
Copper and Copper Alloys, Cast and 
Wrought. Report of Committee B-5, Ap- 
pendix, 120. 

Recommendations Affecting Standards for 
Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, Appendix I, 141. 


Report of 


Report of Com- 


Report 


Report of 


Aluminum. 


Cast-to-Size Impact Specimens for Aluminum 
Sand Casting Alloys—R. A. Quadt, 705. 

Chemical Analysis of Metals. Report of 
Committee E-3, 391. 

A Comparison of the Performance of Anodic 
Coatings Exposed to Salt Spray and to the 
Weather—Junius D. Edwards. Report of 
Committee B-7, Appendix IT, 146. 

Die-Cast Metals and Alloys. Report of Com- 
mittee B-6, 134. 

Filler Metal. Report of Joint Committee, 94. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 137. 

Recommendations Affecting Standards for 
Light Metals and Alloys, Cast and Wrought. 
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Report of Committee B-7, Appendix I, 141. 
Analysis of Soils. 


A New Method for the Mechanical Analysis 
of Soils—Raul Valle-Rodas. Published in 
ASTM Buttetin, No. 135, August, 1945, 
p. 44. 


Analytical Chemistry. 


See Chemical Analysis. (Methods of analy- 
sis, testing, etc., are also indexed under the 
materials and subjects covered by them.) 


Annapolis Exposure Tests. 


Record of failures in atmospheric exposure 
tests at Annapolis of No. 22-gage copper- 
bearing and non-copper-bearing corrugated 
black sheets. Report of Subcommittee ITT, 
Committee A-5, 68. 


Annual Meeting. 


Annual Report. of the Executive Committee, 
21. 

Summary of Proceedings of the Forty-eighth 
Annual Meeting, 1. 


Anodic Coatings. 


Comparison of the Performance of Anodic 
Coatings Exposed to Salt Spray and to the 
Weather—Junius D. Edwards. Report of 
Committee B-7, Appendix II, 146. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 137. 


Anthracite. 
See Coal. 


Antiseptic Fabrics. 


A Suggested Method for Thorough Testing of 
Antiseptic Fabrics—Louis C. Barail. Pub- 
lished in ASTM Bu ttetin, No. 136, Octo- 
ber, 1945, p. 25. 


Arc-Formed Gases. 
Proposed Methods of Testing Askarels. Re- 
port of Committee D-9, Appendix II, 292. 
Asbestos. 


Test Criterion for an Incombustible Material 
—N. P. Setchkin and S. H. Ingberg, 866. 
Discussion, 876. 

Textile Materials. Report of Committee 
D-13, 323. 
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Asbestos Cement Products. 


Standards. 


Askarels. 


Report of Committee E-10, 395. 


Electrical Insulating Materials. 
Committee D-9, 275. 

Proposed Methods of Testing Askarels. Re- 
port of Committee D-9, Appendix IT, 292. 


Report of 


_ Assemblies Testing. 


Preparations for the Future of the A’S.T.M. 
Annual Address by the President, P. H. 
Bates, 14. 

Relation Between Life Testing and Conven- 
tional Tests of Materials—R. E. Peterson. 
Published in ASTM Buttetin, No. 133, 
March, 1945, p. 9. re 


_ Atmospheric Exposure. 


See Corrosion; Weathering. 


Autoclave Tests. 
Report on Comparative Short-Time Tests for 


Sulfate Resistance of 121 Commercial Ce- 
ments—Dalton G. Miller and Charles G. 
Snyder. Report of the Working Commit- 
tee on Sulfate Resistance, Committee C-1, 
Appendix IT, 165. 


B 
Barbed Wire. 

Field Tests of Wire and Wire Products. Re- 
port of Wire Inspection Committee, Com- 
mittee A-5, 70. 

Bast and Leaf Fibers. 


Textile Materials. 
D-13, 323. 


Report of Committee 


Bearing Metal. 


Non-Ferrous Metals and Alloys. 
Committee B-2, 102. 


Report of 


Proposed Methods of Test for Smoothness 
of Paper. Report of Committee D-6, Ap- 


Bekk Smoothness Tester. 


pendix, 260. 
Benzene. 
7 Aromatic Petroleum Solvents. Report of 
Special Committee, Committee D-16, Ap- 
pendix IT, 348. _ 


SuByEcT INDEX 


Die-Cast Metals and Alloys. 
mittee B-6, 134. 
Recommendations Affecting Standards for 


Cooperative Distillation Tests of Aromatic 


Hydrocarbons. Report of Committee 
D-16, Appendix I, 340. 

Industrial Aromatic Hydrocarbons. 
of Committee D-16, 337. 

Proposed Method of Test for Total Olefinic 
and Aromatic Hydrocarbons in Gasoline, 


Report of Committee D-2, Appendix IT, 247, 


Report 


Bituminous Coal. 
See Coal. 


Bituminous Materials. 


See Petroleum Products; Roofing Mate- 
rials. 


Blaine Air Permeability Apparatus. 


Proposed Method of Test for Fineness of Port- 
land Cement by Air Permeability Appa- 
ratus. Report of Committee C-1, Appen- 
dix IV, 195. 


Boiler Feedwater. 


See also Water. 
Water for Industrial Uses. 
mittee D-19, 356. 


Report of Com- 


Bond Strength. 


The Effect of Repeated Loading on the Bond 
Strength of Concrete—C. W. Muhlen- 
bruch, 824. 


Bonded-Wire Strain Gage. 


A Rubber Housing for Waterproofing the 
Bonded-Wire Strain Gage—Douglas Mc- 
Henry. Published in ASTM Bvuttetin, 
No. 133, March, 1945, p. 18. 


Boxes. 


Shipping Containers. 


Report of Committee 


Report of 


Brass. 
Chemical Analysis of Metals. 
Committee E-3, 391. 
Copper and Copper Alloys, Cast and Wrought. 
Report of Committee B-5, 111. 
Report of Com- 


Copper and Copper Alloys, Cast and 
Wrought. Report of Committee B-, 
Appendix, 120. 
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Brick. 


Committee C-15, 214. 
Refractories. Report of Committee C-8, 208. 


Brinnell Hardness. 
See Hardness Testing. 


Bronze. 


See also Copper. 
Chemical Analysis of 
Committee E-3, 391. 
Copper and Copper Alloys, Cast and Wrought. 
Report of Committee B-5, 111. 
Recommendations Affecting Standards for 


Metals. Report of 


Copper and Copper Alloys, Cast and 
Wrought. Report of Committee B-5, Ap- 
pendix, 120. 
Building Brick. 
See Brick. 
By-laws. 


Proposed Amendments of Society By-laws, 
2, 34. 


Cc 
C. F. R. Engine. 
Proposed Revisions in the Methods of Test 
for Knock Characteristics of Motor Fuels 
(D 357 - 45) and of Aviation Fuels (D 614 - 
44T). Report of Technical Committee A 
on Gasoline, Committee D-2, 233. 


Cable. 


Copper and Copper-Alloy Wires for Electrical 

Conductors. Report of Committee B-1, 96. 
Calibration. 

Proposed Method of Test for Fineness of Port- 
land Cement by Air Permeability Appa- 
ratus. Report of Committee C-1, Ap- 
pendix IV, 195. 

Proposed Methods of Test for Smoothness of 
Paper. Report of Committee D-6, Appen- 
dix, 260. 

Carbon-Molybdenum Steel. 

See Alloy Steel. 

Castings. 


See also Alloy Steel; Aluminum; Brass; 


Manufactured Masonry Units. Report a 


Bronze; Copper; Die Castings; Magne- 
sium ; Malleable Iron; Steel. 

Cast-to-Size Impact Specimens for Aluminum 
Sand Casting Alloys—R. A. Quadt, 705. 

Observations on the Appearance Welding of 
Malleable Castings—H. A. Schwartz, Ira 
Young and James Hedberg, 618. Dis- 
cussion, 626. 

Summary of Proceedings of the Philadelphia 
District Meeting—Symposium on Magnetic 
Particle Testing, 722. 


Cast-to-Size Specimens. 


Cast-to-Size Impact Specimens for Aluminum 
Sand Casting Alloys—R. A. Quadt, 705. 


Cavitation. 


Memo on Cavitation—Frank N. Speller. 
Published in ASTM Buttetin, No. 133, 
March, 1945, p. 21. 


Cement. 


Cement. Report of Committee C-1,156. 

Effect of Heat on Portland Cements Con- 
taining Vinsol Resin—Leonard Bean and 
Albert Litvin, 766. 

Properties of Highly Hydrated Dolomitic 
Masonry Limes and Certain of Their Ce- 
ment-Lime Mortars—G. J. Fink and Emil 
Trattner, 723. 

Proposed Method of Test for Fineness of Port- 
land Cement by Air Permeability Appa- 
ratus. Report of Committee C-1, Appen- 
dix IV, 195. 

Proposed Recommendations Affecting Stand- 
ards on Cement. Report of Committee 
C-1, Appendix I, 160. 

Proposed Specifications for Portland Blast- 
Furnace Slag Cement. Report of Com- 
mittee C-1, Appendix II, 162. 

Report on Comparative Short-Time Tests for 
Sulfate Resistance of 121 Commercial Ce- 
ments—Dalton G. Miller and Charles G. 
Snyder. Report of the Working Committee 
on Sulfate Resistance, Committee C-1, 
Appendix III, 165. 

The Testing of Portland Cements Containing 
Interground Vinsol Resin—Raymond L. 
Blaine, Jason C. Yates, and John R. Dwyer, 
732. 

Thermal Insulating Cement. Report of Com- 

mittee C-16, 216. iia 


Discussion, 753. 
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Chain Link Fence. 


_ Charter of Society. 
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Field Tests of Wire and Wire Products. Re- 
port of Wire Inspection Committee, Com- 


Proposed Amendments of Society Charter, 
2, 35. 


Chemical Analysis. 


Cement. Report of Committee C-1, 156. 


Chemical Analysis of Metals. Report of 
Committee E-3, 391. 
Chlorides. 
Proposed Methods of Testing Askarels. Re- 


port of Committee D-9, Appendix II, 292. 
Chromium. 


Electrodeposited Metallic Coatings. Report 
of Committee B-8, 149. 


Chromium-Nickel Alloys. 
See Alloy Steel. 
Clad Steel. 
See Corrosion-Resisting Alloy Steels. 
Clay Pipe. 


Clay Pipe. Report of Committee C-4, 200. 


Cleaners. 


Metal Cleaning: I—Indirect 
Tests—Jay C. Harris, 985. 


Metal Cleaning: II—Soil Removal Perform- 


ance Methods—Jay C. Harris, 997. 
Coal. 


Coal and Coke. Report of Committee D-5, 
255. 


‘> 


Coated Fabrics. 
See Rubber Products. 
Coating Thickness Gage. 


A New Coating Thickness Gage—S. Lipson. 
Published ASTM Bvtietin, No. 135, 
August, 1945, p. 20. 


Coatings, Surface-Conversion. 


Surface-Conversion 
Jernstedt. Published in ASTM Bu ttetry, 
No. 137, December, 1945, p. 29. 


Performance 


Coatings—George W. 


Cohesive Strength. 


The Effect of Combined Stresses on the 
Mechanical Properties of Steels Between 
Room Temperature and —188 C.—D. J. 
McAdam, Jr., G. W. Geil, and R. W, 


Mebs, 448. Discussion, 482. 
Coke. 
‘Coal and Coke. Report of Committee D-5, 
255. 
Color Test. 


Proposed Methods of Testing Askarels. Re- 
port of Committee D-9, Appendix II, 292. 

Report on Results of Questionnaire to Utili- 
ties Relating to Tests on Transformer Oil in 
Service. Report of Subcommittee IV, 
Committee D-9, Appendix III, 302. 


Compression Testing. 


Compression Testing of Magnesium Alloy 
Sheet—A. A. Moore and J. C. McDonald, 
698. 


= Effect of Dimensions of Specimens upon the 


Precision of Strength Data—John Tucker, 
Jr.,952. Discussion, 960. 

Effect of Length on the Strength of Compres- 
sion Test Specimens—J. Tucker, Jr., 976. 

The Effect of Specimen Shape on the Com- 
pressive Strength Properties of Laterally 
Supported Plywood Specimens—J. A. Liska, 
935. 

Effect of Type of Test Specimen on Apparent 
Compressive Strength of Concrete—Bryant 
Mather, 802. Discussion, 810. 

The Maximum Stresses Present at Failure of 
Brittle Materials—J. Tucker, Jr., 961. 
Discussion, 974. 

Single-Strip Compression Test for Sheet 
Materials—Harry LaTour and Don S. Wol- 
ford, 671. Discussion, 689. 

The Testing of Portland Cements Containing 
Interground Vinsol Resin—Raymond L. 
Blaine, Jason C. Yates, and John R. Dwyer, 
732. Discussion, 753. 


Concrete. 


Automatic Accelerated Freezing-and-Thawing 
Apparatus for Concrete—Charles E. Wuer- 
pel and Herbert K. Cook, 813. 

Effect of Length on the Strength of Compres- 

sion Test Specimens—J. Tucker, Jr., 976. 
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The Effect of Repeated Loading on the Bond 
Strength of Concrete—C. W. Muhlenbruch, 
824. 

Effect of Type of Test Specimen on Apparent 
Compressive Strength of Concrete—Bryant 
Mather, 802. Discussion, 810. 

Manufactured Masonry Units. 
Committee C-15, 214. 

The Maximum Stresses Present at Failure 
of Brittle Materials—J. Tucker, Jr., 961. 
Discussion, 974. 

Stress Conditions for the Failure of Saturated 
Concrete and Rock—K. Terzaghi, 777. 


Discussion, 793. an’ 


Report of 


Report of 


Conditioning. 


Electrical Insulating Materials. 
Committee D-9, 275. 


Conductors. 


Electrical Conductivity of Conductors—L. F. 
Roehmann, 711. 


Consistency. 


Proposed Revision of the Tentative Methods 
of Physical Testing of Quicklime and Hy- 
drated Lime (C110-38T). Report of 
Committee C-7, Appendix, 206. 
he Testing of Portland Cements Containing 
Interground Vinsol Resin—Raymond L. 
Blaine, Jason C. Yates, and John R. Dwyer, 
732. Discussion, 753. 


Consumer Goods. 


Standards. Report of Committee E-10, 395. 


Contact Metals. 


Electrical-Heating, Electrical-Resistance, and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 108. 


Containers. 
Shipping Containers. Report of Committee 
D-10, 311. 
Copper. 


Chemical Analysis of Metals. Report of Com- 
mittee E-3, 391. 

Copper and Copper Alloys, Cast and Wrought. 
Report of Committee B-5, 111. 

The Effect of the Iron Content of Cupro- 
Nickel on Its Corrosion Resistance in “Sea 


Water”—A. W. Tracy and R. L. Hunger- 


ford, 591. Discussion, 613. 7 | 
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Non-Ferrous Metals and Alloys. Report of 
Committee B-2, 102. 

Performance Tests, atmospheric exposure 
tests of electroplated lead coatings on 
steel. Report of Subcommittee II, Com- 
mittee B-8, 152. 

Recommendations Affecting Standards for 
Copper and Copper Alloys, Cast and 
Wrought. Report of Committee B-5, Ap- 
pendix, 120. 


Copper-Bearing Steel. 


See also Steel. 

Corrosion of Iron and Steel. 
mittee A-5, 66. 

Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 69. 

Field Tests of Wire and Wire Products. Re- 
port of Wire Inspection Committee, Com- 
mittee A-5,70. 

Record of failures in atmospheric exposure 
tests at Annapolis of No. 22-gage copper- 
bearing and non-copper-bearing corrugated 
black sheets. Report of Subcommittee III, 
Committee A-5, 68. 


Report of Com-_ 


Copper Covered Wires. 


Field Tests of Wire and Wire Products. Re- 
port of Wire Inspection Committee, Com- 
mittee A-5, 70. 

Copper Wire. 


Copper and Copper-Alloy Wires for Electrical 
Conductors. Report of Committee B-1, 96. 


Cord, Tire. 

Statistical Comparison of Rayon Tire Cord 
Fatigue Testing Machines—C. B. Budd and 
L. Larrick. Published in ASTM Buttetin, 
No. 136, October, 1945, p. 19, 

Corrosion. 

See also Weathering. 

A Comparison of the Performance of Anodic 
Coatings Exposed to Salt Spray and to the 
Weather—Junius D. Edwards. Report of 
Committee B-7, Appendix II, 146. 

Corrosion of Iron and Steel. Report of Com- 
mittee A-5, 66. 

Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 105. 


The Corrosion-Fatigue Properties of Some 
Hard Lead Alloys in Sulfuric Acid—David 


J. Mack, 629. 
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Corrosion (Continued) 

Die-Cast Metals and Alloys. 
mittee B-6, 134. 

The Effect of the Iron Content of Cupro- 

_ Nickel on Its Corrosion Resistance in “Sea 

- Water”—A. W. Tracy and R. L. Hunger- 

‘ford, 591. Discussion, 613. 

Electrodeposited Metallic Coatings. 
of Committee B-8, 149. 

Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 69. 

Field Tests of Wire and Wire Products. Re- 
port of Wire Inspection Committee, Com- 
mittee A-5, 70. 

Iron-Chromium, Iron-Chromium-Nickel and 
Related Alloys. Report of Committee 
A-10, 87. 

Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 137. 

Performance Tests, atmospheric exposure tests 
of electroplated lead coatings on steel. 
Report of Subcommittee II, Committee B-8, 
152. 

Record of failures in atmospheric exposure 
tests at Annapolis of No. 22-gage copper- 

_ bearing and non-copper-bearing corrugated 

black sheets. Report of Subcommittee ITI, 

Committee A-5, 68. 

A Sulfur Print Method for the Study of Crack 
Growth in the Corrosion-Fatigue of Metals 

R. C. Brumfield, 544. 

Surface-Conversion Coatings—George W. 
Jernstedt. Published in ASTM Buttetin, 
No. 137, December, 1945, p. 29. 

A Theory of the Mechanism of Rusting of Low 
Alloy Steels in the Atmosphere—H. R. 
Copson, 554. Discussion, 581. 

A Variable Cycle Alternate Immersion Cor- 
rosion Testing Machine—C. H. Mahoney. 
A. L. Tarr, and K. A. Skeie, 719. 


Report of Com- 


Report 


Corrosion-Resisting Alloy Steels. 

See aiso Alloy Steels. 

Field Tests of Wire and Wire Products. Re- 
port of Wire Inspection Committee, Com- 
mittee A-5, 70. 

Iron-Chromium, Iron-Chromium-Nickel and 


Related Alloys. Report of Committee 
A-10, 87. 

Cotton. 

See also Textile Materials. 

Textile Materials. Report of Committee 
D-13, 323. 


Crack Growth. 


AfSulfur’Print Method for the Study of Crack 
Growth in the Corrosion-Fatigue of Metals 
—R. C. Brumfield, 544. 

Crankcase Oils. 


See Lubricants; Petroleum Products. 
Creep Tests. 


See Temperature, Effect of. 


D 
Deoxidation. 
Structural Changes in Carbon and Molyb- 
denum Steels During Prolonged Heating at 
900 to 1100 F., as Affected by Deoxidation 


Practice—G. V. Smith, R. F. Miller, and 
C. ©. Tarr, 486. _ Discussion, 504. 
Detergents. 
Metal Cleaning: I—Indirect Performance 
Tests—Jay C. Harris, 985. 
Metal Cleaning: II—Soil Removal Perform- 
ance Methods—Jay C. Harris, 997. 7 


Die-Cast Metals and Alloys. Report of Com- 
mittee B-6, 134. 


Die Castings. 


Dielectric Strength. 
Report on Results of Questionnaire to Utili- 
ties Relating to Tests on Transformer Oil in 
Service. Report of Subcommittee IV, Com- 


mittee D-9, Appendix ITI, 302. a 


Dimensional Stability of Plastics—Robert 
Burns, 926. 


Dimensional Stability. 


Dipentene. 


Naval Stores. Report of Committee D-1/, 
349. 


Dissolved Oxygen. 


Proposed Methods for Determination of Dis- 
solved Oxygen in Industrial Waters. Pub- 
lished in ASTM Buttetin, No. 137, Decem- 
ber, 1945, p. 19. 

Proposed Methods of Test for Dissolved Oxy- 
gen in Industrial Waters. Report of Com- 

mittee D-19, Appendix, 360. 
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Distillation Test. 


Cooperative Distillation Tests of Aromatic 
Committee 


Hydrocarbons. Report of 
D-16, Appendix I, 340. 


Dolomitic Lime. 


Properties of Highly Hydrated Dolomitic 
Masonry Limes and Certain of Their Ce- 
ment-Lime Mortars—G. J. Fink and Emil 
Trattner, 723. 


Durability. 


Duralumin. 


See Aluminum. 


Dynamic Testing. 


Report on Comparative Short-Time Tests for 
Sulfate Resistance of 121 Commercial Ce- 
ments—Dalton G. Miller and Charles G. 
Snyder. Report of the Working Commit- 
tee on Sulfate Resistance, Committee C-1, 


Appendix ITI, 165. 


Effect of Specimen Size. 


See Test Specimens. 


Effect of Temperature. 


See Temperature, Effect of. . 


Elastic Constants. 


Equations for Computing Elastic Constants 
from Flexural and Torsional Resonant Fre- 
quencies of Vibration of Prisms and Cylin- 


ders—Gerald _- Pickett, 846. Discussion, 
864. 

Elasticity. 

See Compression Testing; Tension 
Testing. 

Elastomers. 


See Rubber Products. | 


Electrical Conductivity. amen 
Electrical Conductivity of Conductors—L. F, 


Roehmann, 711. 


Electric-Furnace Alloys. 
a mittee B-4, 108. 
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Electrical Insulating Materials. 


Dimensional Stability of Plastics—Robert 
Burns, 926. 


Electrical Insulating Materials. Report of 
Committee D-9, 275. 
Electrical Insulating Materials. Report of 


Sectional Committee C-59, 310. 
Plastics. Report of Committee D-20, 369. 
Proposed Methods of Testing Askarels. Re- 
port of Committee D-9, Appendix IT, 292. 
Recommendations Affecting Standards on 
Electrical Insulating Materials. Report of 
Committee D-9, Appendix I, 283. 
Report on Results of Questionnaire to Utili- 
ties Relating to Tests on Transformer Oil in 
Service. Report of Subcommittee IV, 
Committee D-9, Appendix ITI, 302. 


Electrical Tests. 


Methods Used for the Measurement of the 
Moisture Content of Wood—M. E. Dunlap. 
Report of Committee D-7, Appendix, 269. 


Tiectrical-Resistance and Heating Alloys. 


Electrical-Heating, Electrical-Resistance, and 
Report of Com- 


Electric-Furnace Alloys. 


Electrical-Heating, Electrical-Resistance, and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 108. 


Corrosion of Iron and Steel. 
mittee A-5, 66. 

Electrodeposited Metallic Coatings. 
of Committee B-8, 149. 

Performance Tests, atmospheric exposure tests 
of electroplated lead coatings on steel. 
Report of Subcommittee II, Committee B-8, 
152. 

Recommendations Affecting Standards for 
Electrodeposited Metallic Coatings. Re- 
port of Committee B-8, Appendix, 154. 


Report of Com- 


Report 


Electrolytic Corrosion. 


Corrosion of Non-Ferrous Metals and Alloys, 
Report of Committee B-3, 105. 
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Electronic Materials. 
Electrical-Heating, Electrical-Resistance, and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 108. 


Elevated Temperature. 
See Temperature, Effect of. 
Emulsification Test. 
Report on Results of Questionnaire to Utilities 
Relating to Tests on Transformer Oil in 
Service. Report of Subcommittee IV, Com- 
mittee D-9, Appendix IIT, 302. 
Endurance Testing. 
See Fatigue Testing. 
Evaporation Method. 


. 


Determination of Gum Values by the L.P.T 
and A.S.T.M. Air Jet Gum Methods—E. L. 


Walters and D. L. Yabroff. Published in 
ASTM Buttietin, No. 135, August, 1945, 


p. 40. 


Annual Report of the Executive Committee, 
21. 


Executive Committee. 


Expansion Test. 


Report on Comparative Short-Time Tests for 
Sulfate Resistance of 121 Commercial Ce- 
ments—Dalton G. Miller and Charles G. 


¥f Snyder. Report of the Working Committee 
on Sulfate Resistance, Committee C-1, 


Appendix ITI, 165, 


See Corrosion; Weathering. 


F 


See Textile Materials. 


Exposure Tests. 


Fatigue Testing. 


An Automotive Tire Fatigue Machine—John 
N. Kenyon. Published in ASTM Butte- 
TIN, No. 136, October, 1945, p. 9. 

Comparative Fatigue Test Data—C. S. 
Venable. Published in ASTM Buttetin, 
No. 136, October, 1945, p. 17. 

The Corrosion-Fatigue Properties of Some 


Hard Lead Alloys in Sulfuric Acid—David 
J. Mack, 629. 

The Effect of Overstress in Fatigue on the 
Endurance Life of Steel—J. B. Kommers, 
532. Discussion, 542. 

Fatigue of Metals. Report of the Research 
Committee, 91. 

Fatigue Tests of a Laminated Mitscherlich- 
Paper Plastic—William N. Findley, 878. 
Discussion, 904. 

Relation Between Life Testing and Conven- 
tional Tests of Materials—R. E. Peterson. 
Published in ASTM Bu tretin, No. 133, 
March, 1945, p. 9. 

Standard Fatigue Tester for Use by the 
Rayon Manufacturers— Report to Commit- 
tee D-13—W. H. Bradshaw. Published 
in ASTM Buttetin, No. 136, October, 
1945, p. 13. 

Statistical Comparison of Rayon Tire Cord 
Fatigue Testing Machines—C. B. Budd and 
L. Larrick. Published in ASTM But- 
LETIN, No. 136, October, 1945, p..19. 

A Study of Size Effect and Notch Sensitivity 
in Fatigue Tests of Steel—H. F. Moore, 507. 
Discussion, 522. 

A Suggested New Parameter for Fatigue 
Strength Analysis—Victor Seliger. Pub- 
lished in ASTM Buttetin, No. 132, Janu- 
ary, 1945, p. 29. 

A Sulfur Print Method for the Study of Crack 
Growth in the Corrosion-Fatigue of Metals 
—k. C. Brumfield, 544. 


Fence. 


Field Tests of Wire and Wire Products. Re- 
port of Wire Inspection Committee, Com- 


mittee A-5, 70. 
Fiberboard. 
Paper and Paper Products. Report of Com- 
mittee D-6, 257. 
Fibers. 


Textile Materials. Report of Committee 
D-13, 323. 


Filler Metal. 
Filler Metal. Report of Joint Committee, 


94, 
— 


General Properties of Industrial Radiographic 
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Films—Herman E. Seemann. Published in 
ASTM Buttetrn, No. 134, May, 1945, 
p. 17. 


Finances. 


Annual Report of the Executive Committee, | 


21. 
Effect of Temperature on the Properties of 
Metals. 
mittee, 92. 


Fineness. 


Proposed Method of Test for Fineness of Port- 
land Cement by Air Permeability Appa- 
ratus. Report of Committee C-1, Appen- 
dix IV, 195. 

_ The Testing of Portland Cements Containing 
Interground Vinsol Resin—Raymond L. 
Blaine, Jason C. Yates, and John R. Dwyer, 
732. Discussion, 753. 


Brick. 


See Refractories. 


‘Fire Tests. 


Fire Tests of Materials and Construction. 
Report of Committee C-5, 201. 

Some Factors in the Interpretation of Small- 
Scale Tests for Fire-Retardant Wood—F. 
W. Gottschalk. Published in ASTM But- 
LETIN, No. 136, October, 1945, p. 40. 


-Flexure Testing. 


Efiect of Dimensions of Specimens upon the 
Precision of Strength Data—John Tucker, 
Jr., 952. Discussion, 960. 

The Effect of Width and of Span-Depth Ratio 
on the Flexural Strength of Laminated 
Plastics—E. M. Schoenborn, George R. 
Proctor, and Jaime Carvajal, 910. Discus- 
sion, 923. 

Equations for Computing Elastic Constants 
from Flexural and Torsional Resonant Fre- 
quencies of Vibration of Prisms and Cylin- 
ders—Gerald Pickett, 846. Discussion, 
864. 

Flexural Properties of Plastics—Summary of 
Test Results Obtained in Committee D-20 
—W. A. Zinzow. Report of Committee 
D-20, Appendix II, 376. Discussion, 389. 


Forgings. 
Fracture Testing of Alloy Steels for Aircraft 
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Engine Forgings—R. D. Haworth, Jr. and 

A. F. Christian, 407. Discussion, 441. 
Summary of Proceedings of the Philadelphia 
_ District Meeting—Symposium on Magnetic 
Particle Testing, 722. 


Fracture Testing. 


Fracture Testing of Alloy Steels for Aircraft 


Report of Joint Research Com- rex Forgings—R. D. Haworth, Jr. and 


A. F. Christian, 407. Discussion, 441. 
Freezing-and-Thawing Test. 


Automatic Accelerated Freezing-and-Thawing 
Apparatus for Concrete—Charles E. Wuer- 
pel and Herbert K. Cook, 813. 


Fuel Oil. 
See Petroleum Products. 
G 
Galvanic Corrosion. 


Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 105. 


Galvanizing. 


See Zinc Coatings. 
Gal Welding. 
See Welds. 


Gaseous Fuels. 


Gaseous Fuels. 
253. 


Report of Committee D-3, 


Gasoline. 


Determination of Gum Values by the I.P.T. 
and A.S.T.M. Air Jet Gum Methods—E. L. 
Walters and D. L. Yabroff. Published in 
ASTM Buttetin, No. 135, August, 1945, 
p. 40. 

Petroleum Products and Lubricants. 
of Committee D-2, 228. 

Proposed Method of Test for Total Olefinic 
and Aromatic Hydrocarbons in Gasoline. 
Report of Committee D-2, Appendix IT, 247. 

Proposed Revisions in the Methods of Test for 
Knock Characteristics of Motor Fuels 
(D 357 — 45) and of Aviation Fuels (D 614 - 
44T). Report of Technical Committee A 
on Gasoline, Committee D-2, 233, 


Report 
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Heavy-Wall Pipe. 


Committee D-9, 275. 

Glass—A Summary of Its Development as an 
Art and as a Science—F. C. Flint. Pub- 
lished in ASTM Buttetin, No. 132, Janu- 
ary, 1945, p. 19. 


Glass Textiles. 


See also Textiles. 


Textile Materials. Report of Committee 
D-13, 323. 
Glue. 


See Adhesives, 
Grease. 

See Lubricants. 
Gum Values. 


Determination of Gum Values by the LP.T. 


and A.S.T.M. Air Jet Gum Methods—E. L. 
Walters and D. L. Yabroff. Published in 
ASTM Bu tetin, No. 135, August, 1945, 


p. 40. 
Gurley-Hill S-P-S Tester. 


Proposed Methods of Test for Smoothness of 


Paper. Report of Committee D-6, Ap- 
pendix, 260. 
Hard Rubber. 
See Rubber Products. 
v Hardness Testing. 


C. O. Tarr, 486. Discussion, 504. 


Heat Distortion Recorder. 


An Automatic Heat Distortion Recorder for 
Plastics—George A. Heirholzer and R. F. 
Published in ASTM BULLETIN, 


Boyer. 
No. 134, May, 1945, p. 37. 


Heat Effect. 


Litvin, 766. 


Structural Changes in Carbon and Molyb- 
J denum Steels During Prolonged Heating at 
to 1100 F., as Affected by Deoxidation 
~ Practice—G. V. Smith, R. F. Miller, and 


Effect of Heat on Portland Cements Contain- 
ing Vinsol Resin—Leonard Bean and Albert 


The Manufacture of Heavy-Wall Pipe 123 to 
24 In. Outside Diameter—E. C. Wright. 
Published in ASTM Bu ttetin, No. 133, 
March, 1945, p. 19. 


High-Temperature Materials. 


See also Refractories; 


Effect of. 
Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 


mittee, 92. 


‘Hydrocarbons, Aromatic Industrial. 


Temperature, 


High-Temperature Testing. 


See Temperature, Effect of. 


See Benzene; Solvents; Toluene; Xylene. 


‘Hydrogen Ion Determination. 
See pH Value. 


Ignition Temperature. 


Test Criterion for an Incombustible Material 
~—N. P. Setchkin and S. H. Ingberg, 866. 
Discussion, 876. 


Immersion Testing. 


Corrosion of Non-Ferrous Metals and Alloys. 
Report of Committee B-3, 105. 

A Variable Cycle Alternate Immersion Cor- 
rosion Testing Machine—C. H. Mahoney, 
A. L. Tarr, and K. A. Skeie, 719. 


Incombustible Materials. 


Test Criterion for an Incombustible Material 
—N. P. Setchkin and S. H. Ingberg, 866. 
Discussion, 876. 


Industrial Aromatic Hydrocarbons. 


See Benzene; Solvents; Toluene; Xylene. 
Industrial Aromatic Hydrocarbons. Report 
of Committee D-16, 337. 


See Electrical Insulating Materials; Re- 
fractories; Thermal Insulating Mate- 


Industrial Waters. 
See Water. 


Insulating Materials. 
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Iron. 


See also Malleable Iron; Wrought Iron. 

Corrosion of Iron and Steel. Report of Com- 
mittee A-5, 66. 

Filler Metal. Report of Joint Committee, 94. 

Observations on the Appearance Welding of 
Malleable Castings—H. A. Schwartz, Ira 
Young, and James Hedberg, 618. Dis- 
cussion, 626. 


_ 
Iron-Chromium-Nickel Alloys. 


See Corrosion-Resisting Alloy 
Electrical-Resistance and Heating 
Alloys. 


K 


Knock Characteristics. 


Proposed Revisions in the Methods of Test for 
Knock Characteristics of Motor Fuels 
(D 357 — 45) and of Aviation Fuels (D 614 - 


44T). Report of Technical Committee A 
on Gasoline, Committee D-2, 233. iw ¢ 
L 4 


Lacquers. 


See also Electrical Insulating Materials. 
Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 220. 


Laminated Plastics. 


The Effect of Width and of Span-Depth Ratio 
on the Flexural Strength of Laminated 
Plastics—E. M. Schoenborn, George R. 
Proctor, and Jaime Carvajal, 910. Dis- 
cussion, 923. 

Fatigue Tests of a Laminated Mitscherlich- 
Paper Plastic—William N. Findley, 878. 
Discussion, 904. 


Latex. 
See Rubber Products. : 
Lead. 


The Corrosion-Fatigue Properties of Some 
Hard Lead Alloys in Sulfuric Acid—David 
J. Mack, 629. 

Non-Ferrous Metals and Alloys. 
Committee B-2, 102. 


Performance Tests, atmospheric exposure tests 


of electroplated lead coatings on steel. 


Report of 
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Report of Subcommittee II, Committee 


Lead Coated Wire. a 


Field Tests of Wire and Wire Products. Re- 
port of Wire Inspection Committee, Com- 
mittee A-5, 70. 


Life Testing, Oil. 


Life Testing of Lubrication Oil—H. C. Mou- 
-gey. Published in ASTM Buttetrn, No. 
132, January, 1945, p. 15. 


Light Metals. 


See Aluminum; Magnesium. 


Light Aging Test. 
See Weathering. 


Lime. 


Lime. Report of Committee C-7, 203. 
Properties of Highly Hydrated Dolomitic 
Limes and Certain of Their 


Masonry 
Cement-Lime Mortars—G. J. Fink and 


Emil Trattner, 723. 

Proposed Revision of the Tentative Methods 
of Physical Testing of Quicklime and Hy- 
drated Lime (C110-38T). Report of 
Committee C-7, Appendix, 206. 


Linoleum. 


A New Machine for Measurmg Wear Re- 
sistance of Walkway Materials—A. W. 
Cizek, Jr., D. H. Kallas, and H. Nestlen, 
943. Discussion, 951. 


Liquid Dielectrics. 


See Askarels; Electrical Insulating Mate- 
rials; Transformer Oils. 


Low-Temperature Testing. 
See Temperature, Effect of. 
Lubricants. 


Cooperative Committees Developing Test 
Methods for Lubricating Greases—T. G. 
Roehner. Published in ASTM Buttetin, 
No. 133, March, 1945, p. 31. 

Life Testing of Lubrication Oil—H. C. Mou- 
gey. Published in ASTM Buttetin, No. 
132, January, 1945, p. 15. 

Past History of A.S.T.M. Lubricating Grease 


& 


Lubricants (Continued) 
_ Test Methods—H. A. McConville. Pub- 
lished in ASTM Buttetin, No. 133, March, 
q 1945, p. 29. 

Petroleum Products and Lubricants. 
of Committee D-2, 228. 

Proposed Method of Test for Maximum Pour 
Points of Lubricating Oils Containing Pour 
Point Depressants. Report of Commit- 
tee D-2, Appendix I, 244. 

Results of Tests on Method for Estimating 

Maximum Pour Points of Lubricating Oils 
Containing Pour Point Depressants. Re- 
port of Subcommittee XVI, Committee D-2, 
237. 


Magnesium. 


Report 


Compression Testing of Magnesium Alloy 
Sheet—A. A. Moore and J. C. McDonald, 
698. 
Die-Cast Metals and Alloys. 
‘mittee B-6, 134. 
Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, 137. 
Recommendations Affecting Standards for 
Light Metals and Alloys, Cast and Wrought. 
Report of Committee B-7, Agpentis I, 141. 
7 
Magnetic Particle Testing. 


Report of Com- 


Summary of Proceedings of the Philadelphia 
District Meeting—Symposium on Magnetic 


Particle Testing, 722. ee 


Observations on the Appearance Welding of 
Malleable Castings—H. A. Schwartz, Ira 
Young, and James Hedberg, 618. Dis- 
cussion, 626. 


Hydrated Dolomitic 


Malleable Iron. 


Properties of Highly 


Masonry Limes and Certain of Their Ce- 
ment-Lime Mortars—G. J. Fink and Emil 
Trattner, 723. 
Manufactured Masonry 
Committee C-15, 214. 
Mortars for Unit Masonry. 
mittee C-12, 213. 


Units. Report of 


Report of Com- 
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Mechanical Analysis of Soils. 


A New Method for the Mechanical Analysis 
of Soils—Raul Valle-Rodas. Published in 
ASTM Bvtretin, No. 135, August, 1945, 
p. 44. 


Membership. 


Annual: Report of the Executive Commit- 
tee, 21. 


Merriman Slab Test. 


Report on Comparative Short-Time Tests for 
Sulfate Resistance of 121 Commercial Ce- 
ments—Dalton G. Miller and Charles G. 
Synder. Report of the Working Commit- 
tee on Sulfate Resistance, Committee C-1, 
Appendix ITI, 165, 193. 


Merriman Sugar Solubility Test. 


Report on Comparative Short-Time Tests for 
Sulfate Resistance of 121 Commercial Ce- 
ments—Dalton G. Miller and Charles G. 
Synder. Report of the Working Commit- 
tee on Sulfate Resistance, Committee C-1, 
Appendix ITT, 165, 194. 


Metal Cleaning. 


Metal Cleaning: I—Indirect Performance 
Tests—Jay C. Harris, 985. 

Metal Cleaning: II—Soil Removal Perform- 
ance Methods—Jay C. Harris,997. 


Metallography. 


Observations on the Appearance Welding of 
Malleable Castings—H. A. Schwartz, Ira 
Young, and James Hedberg, 618. Dis- 
cussion, 626. 

Structural Changes in Carbon and Molyb- 
denum Steels During Prolonged Heating at 
900 to 1100 F., as Affected by Deoxidation 
Practice—G. V. Smith, R. F. Miller, and 
C. O. Tarr, 486. Discussion, 504. | 


Mica. 


Electrical Insulating Materials. Report of 


Committee D-9, 275. 
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Modulus of Elasticity. Naval Stores. 
Single-Strip Compression Test for Sheet Ma- Naval Stores. Report of Committee D-17, 
terials—Harry LaTour and Don S. Wol- 349 


ford, 671. Discussion, 689. 


om Neutralization Number. 


Modulus of Rupture. Symposium on Neutralization Number. 

The Maximum Stresses Present at Failure of Published in ASTM Buttetin, No. 134, 
Brittle Materials—J. Tucker, Jr., 961. May, 1945, p. 48. 
Discussion, 974. iis. Introduction—H. P. Ferguson. 

. Neutralization Number from the Viewpoint 
Moisture Test. of the Industrial Engineer—C. L. Pope. 

Methods Used for the Measurement of the Neutralization Number from the Viewpoint 
Moisture Content of Wood—M. E. Dun- of the Turbine Engineer—I—F. C. Linn. 
lap. Report of Committee D-7, Appendix, Neutralization Number from the Viewpoint 
269. of the Turbine Engineer—II—G. H. 

von Fuchs. 
_ Molded Insulating Materials. Neutralization Number from the Viewpoint 

See Electrical Insulating Materials; of the Automotive Engineer—H. R. Wolf. 
Plastics; Thermal Insulating Materials. A Comparison of the Salt Method with 


A.S.T.M. Method for Determining the 
Acidity of Lubricating Oils—C. M. 
See also Alloy Steel. Loane. 

Structural Changes in Carbon and Molyb- 


Molybdenum Steel. 


denum Steels During Prolonged Heating at ae. 
900 to 1100 F., as Affected by Deoxidation The Effect of the Iron Content of Cupro-Nickel 
Practice—G. V. Smith, R. F. Miller, and on Its Corrosion Resistance in “Sea Water” 
C. O. Tarr, 486. Discussion, 504. —A. W. Tracy and R. L. Hungerford, 591. 
Discussion, 613. 
Mortar. Metallic Coatings. Report 

Lime. Report of Committee C-7, 203. > of Committee B-8, 149. 

Mortars for Unit Masonry. Report of Com- Non-Ferrous Metals and Alloys. Report of 
mittee C-12, 213. Committee B-2, 102. 


Properties of Highly Hydrated Dolomitic 
Masonry Limes and Certain of Their Ce- 
ment-Lime Mortars—G. J. Fink and Emil See Alloy Steel; Corrosion-Resisting Alloy 
Trattner, 723. Steel. 

The Testing of Portland Cements Containing 
Interground Vinsol Resin—Raymond L. Nickel-Copper Alloys. 

Blaine, Jason C. Yates and John R. Dwyer, 
732. Discussion, 753. 


Nickel-Chromium Alloys. 


Non-Ferrous Metals and Alloys. Report of 
Committee B-2, 102. 


Motor Fuel. Nickel Steel. 


See Gasoline; Petroleum Products. See also Alloy Steel. oe 


Motor Oils. A Theory of the Mechanism of Rusting of Low 
_ Alloy Steels in the Atmosphere—H. R. Cop- 


See Lubricants; Petroleum Products. - son, 554. Discussion, 581. 
N Notch Sensitivity. 


Natural Building Stone. _ A Study of Size Effect and Notch Sensitivity 
a in Fatigue Tests of Steel—H. F. Moore, . 
507. Discussion, 522. 
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Oven Aging. 


High Temperature Oven Aging of Oil-Resist- 

ing Synthetic Rubber Compounds—G. D. 

McCarthy, A. E. Juve, H. Boxser, M. 

Sanger, S. R. Doner, E. N. Cunningham, 

J. F. McWhorter, and R. H. Crossley. 

Published in ASTM Buttetin, No. 132, 
January, 1945, p. 33. 


Overstress Effect. 


The Effect of Overstress in Fatigue on the 


Endurance Life of Steel—J. B. Kommers, 
532. Discussion, 542. 
Oxygen. 


Proposed Methods of Test for Dissolved Oxy- 


_ gen in Industrial Waters. Report of Com- 


mittee D-19, Appendix, 360. 


A New Coating Thickness Gage—S. Lipson. 
Published ASTM Bvetretin, No. 135, 
August, 1945, p. 20. 

Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 220. 


Paper. 


Electrical Insulating Materials. Report of 
Committee D-9, 275. 
Paper and Paper Products. 
mittee D-6, 257. 
Proposed Methods of Test for Smoothness of 
Paper. Report of Committee D-6, Ap- 
pendix, 260. 
Shipping Containers. 


D-10, 311. 


Report of Com- 


Report of Committee 


Paper Laminated Plastic. 


Fatique Tests of a Laminated Mitscherlich- 
Paper Plastic—William N. Findley, 878. 
Discussion, 904. 

Papers and Publications. 
Annual Report of the Executive Committee, 

21. 

Preparations for the Future of the A.S.T.M. 

Annual Address by the President, P. H. 

Bates, 14. 
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Parameter. 


_ 
Paint. 


A Suggested New Parameter for Fatique 
Strength Analysis—Victor Seliger. Pub- 
lished in ASTM Bvuttetin, No. 132, Janu- 
ary, 1945, p. 29. 


Particle Testing. 


Summary of Proceedings of the Philadelphia 
District Meeting—Symposium on Magnetic 
Particle Testing, 722. 


Paul’s Water Floc Test. 


Report on Comparative Short-Time Tests for 
Sulfate Resistance of 121 Commercial Ce- 
ments—Dalton G. Miller and Charles G. 
Synder. Report of the Working Commit- 
tee on Sulfate Resistance, Committee C-1, 


Appendix IIT, 165, 194. _ 


See Aggregates; Brick; Cement; Concrete; 
Soils. 


Paving Materials. 


Penetration. 
See Consistency. 


Performance Tests. 


Metal Cleaning: I—Indirect Performance 
Tests—Jay C. Harris, 985. 

Metal Cleaning: II—Soil Removal Perform- 
ance Methods—Jay C. Harris, 997. 


Permanence. 


Summary of Proceedings of the Symposium, 
on Adhesives, 1023. 


Permeability. 


Proposed Method of Test for Fineness of 
Portland Cement by Air Permeability Ap- 


paratus. Report of Committee C-1, Ap- 

pendix IV, 195. 
Petroleum Products. 

Aromatic Petroleum Solvents. Report of 


Special Committee, Committee D-16, Ap- 
pendix IT, 348. 

Cooperative Committees Developing Test 
Methods for Lubricating Greases—T. G. 
Roehner. Published in ASTM BUvutLtetIN, 
No. 133, March, 1945, p. 31. 

Life Testing of Lubrication Oil—H. C. Mou- 
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gey. Published in ASTM Bouttetin, No. 
132, January, 1945, p. 15. 

Past History of A.S.T.M. Lubricating Grease 
Test Methods—H. A. McConville. Pub- 
lished in ASTM Buttetrn, No. 133, March, 
1945, p. 29. 

Petroleum Products and Lubricants. Report 
of Committee D-2, 228. 

Proposed Method of Test for Maximum Pour 
Points of Lubricating Oils Containing Pour 
Point Depressants. Report of Committee 
D-2, Appendix I, 244. 

Proposed Method of Test for Total Olefinic 
and Aromatic Hydrocarbons in Gasoline. 
Report of Committee D-2, Appendix II, 
247. 

Results of Tests on Method for Estimating 
Maximum Pour Points of Lubricating Oils 
Containing Pour Point Depressants. Re- 
port of Subcommittee XVI, Committee 
D-2, 237. 

Symposium on Neutralization Number. Pub- 
lished in ASTM Buttetin, No. 134, 
May, 1945, p. 48. 

Introduction—H. P. Ferguson. 

Neutralization Number from the Viewpoint 
of the Industrial Engineer—C. L. Pope. 

Neutralization Number from the Viewpoint 
of the Turbine Engineer—I—F. C. Linn. 

Neutralization Number from the Viewpoint 
of the Turbine Engineer—II—G. H. 
von Fuchs. 

Neutralization Number from the Viewpoint 
of the Automotive Engineer—H. R. Wolf. 

A Comparison of the Salt Method with A.S.- 
T.M. Method for Determining the 
Acidity of Lubricating Oils—C. M. 
Loane. 


pH Value. 
The pH of Some Standard Buffer Solutions 
from 0 to 60 C, and the Calibration of Glass 
Electrode pH Meters—George G. Manov 


and §S. F. Acree. Published in ASTM 
BuLLetIN, No. 137, December, 1945, p. 25. 


Phenolic Materials. 


See Electrical Insulating Materials; Plas- 


tics. PCO 


Pigments. 


Paint, Varnish, Lacquer, and Related Prod- 
ucts. Report of Committee D-1, 220. 


SuByEcT INDEX 


Pine Oil. 


The Determination of the Terpene Alcohol 
Content of Steam-Distilled Pine Oil—V. E. 
Grotlisch and H. N. Burstein, 1015. 

Naval Stores. Report of Committee D-17, 

349. 


Pipe and Piping Materials. 


Clay Pipe. Report of Committee C-4, 200. 

The Manufacture of Heavy-Wall Pipe 123 to 
24 In. Outside Diameter—E. C. Wright. 
Published in ASTM Buttetin, No. 133, 
March, 1945, p. 19. 


Plastic Refractories. 


See Refractories. 


Plastics. 


See also Electrical Insulating Materials. 

An Automatic Heat Distortion Recorder for 
Plastics—George A. Heirholzer and R. F. 
Boyer. Published in ASTM Bvttetin, 
No. 134, May, 1945, p. 37. 

Dimensional Stability of Plastics—Robert 
Burns, 926. 

The Effect of Width and of Span-Depth Ratio 
on the Flexural Strength of Laminated 
Plastics—E. M. Schoenborn, George R. 
Proctor, and Jaime Carvajal, 910. Discus- 
sion, 923. 

Electrical Insulating Materials. Report of 
Committee D-9, 275. 

Fatigue Tests of a Laminated Mitscherlich- 
Paper Plastic—William N. Findley, 878. 
Discussion, 904. 

Flexural Properties of Plastics—Summary of 
Test Results Obtained in Committee D-20 
—W. A. Zinzow. Report of Committee 
D-20, Appendix II, 376. Discussion, 389. 

Plastics. Report of Committee D-20, 369. 

Recommendations Affecting Standards on 
Plastics. Report of Committee D-20, 
Appendix I, 374. 

A Simplified Method for the Determination of 
the Specific Gravity of Wood and Plastics— 
E. George Stern and Paul S. Dear. Pub- 
lished in ASTM Buttretin, No. 135, Au- 
gust, 1945,"p."35. 
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Plating. 
See Electrodeposited Coatings. 


Plywood. 


The Effect of Specimen Shape on the Com- 
pressive Strength Properties of Laterally 
Supported Plywood Specimens—J. A. Liska, 


Wood. Report of Committee D-7, 265. 


Popping and Pitting Test. 
Proposed Revision of the Tentative Methods 


of Physical Testing of Quicklime and Hy- 
drated Lime (C110-38T). Report of 
Committee C-7, Appendix, 206. 

Pore Water Pressure. 


Stress Conditions for the Failure of Saturated 
Concrete and Rock—K. Terzaghi, 777. 
Discussion, 793. 


Portland Cement. 


See Cement. 


Pour Point. 


Proposed Method of Test for Maximum Pour 
Points of Lubricating Oils Containing Pour 
Point Depressants. Report of Committee 
D-2, Appendix I, 244. 

Results of Tests on Method for Estimating 
Maximum Pour Points of Lubricating Oils 
Containing Pour Point Depressants. Re- 
port of Subcommittee XVI, Committee 
D-2, 237. 


Power Factor. 


Report on Results of Questionnaire to Utilities 
Relating to Tests on Transformer Oil in 
Service. Report of Subcommittee IV, 
Committee D-9, Appendix III, 302. ; 


Presidential Address. 
“Sa 


"Preparations for the Future of the A.S.T.M. 
Annual Address by the President, P. H. 
Bates, 14. 


Publications. 


Pull-Out Specimen. 


The Effect of Repeated Loading on the Bond 
Strength of Concrete—C. W. Muhlen- 
bruch, 824. 


SuBject INDEX 


See Papers and Publications. 


Q 
-—Quicklime. 
See Lime. 
R 
Radio Materials. 


See Electronic Materials. 


4 Radiographic Films. 


General Properties of Industrial Radiographic 
Films—Herman E. Seemann. Published in 
ASTM  Buttetin, No. 134, May, 1945, 


Railroad Equipment Testing. 


Summary of Proceedings of the Philadelphia 
District Meeting—Symposium on Magnetic 
Particle Testing, 722. 


Rayon. 


Textile Materials. 
D-13, 323. 


Rayon Tire Cord. 


Report of Committee 


Comparative Fatigue Test Data—C. S. Ven- 
able. Published in ASTM Bottetin, No. 
136, October, 1945, p. 17. 

Standard Fatigue Tester for Use by the Rayon 
Manufacturers—Report to Committee D-13 
—W. H. Bradshaw. Published in ASTM 
BuLLETIN, No. 136, October, 1945, p. 13. 

Statistical Comparison of Rayon Tire Cord 
Fatigue Testing Machines—C. B. Budd and 
L. Larrick. Published in ASTM BvuLLetn, 
No. 136, October, 1945, p. 19. 


Refractive Index. 
Proposed Methods of Testing Askarels. Re- 
port of Committee D-9, Appendix II, 292. 
Refractories. 


Refractories. Report of Committee C-8, 208. 


Repeated’ Loading. 


The Effect of Repeated Loading on the Bond 
Strength of Concrete—C. W. Muhlen- 


bruch, 824. 
Research. 
Annual Report of. the Executive Committee, 
21. 
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Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 92. 

Fatigue of Metals. 
Committee, 91. 


Report of the Research 


Resins. 


See also Plastics; Shellac; Soaps and De- 


tergents; Varnish. 
See also Aggregates; Brick; Cement; Con- 
crete; Soils. 
Soils for Engineering Purposes. 
Committee D-18, 354. 


Rock. 


Stress Conditions for the Failure of Saturated 
Concrete and Rock—K. Terzaghi, 777. 
Discussion, 793. 


Report of 


Rockwell Hardness. 


See Hardness Testing. — 


Roofing Materials. 


Fire Tests of Materials and Construction. 
Report of Committee C-5, 201. 


Rosin. 


Naval Stores. Report of Committee D-17, 


349, 


Rubber Products. 


A Rubber Housing for Waterproofing the 
Bonded-Wire Strain Gage—Douglas Mc- 
Henry. Published in ASTM BvLLETIN, 
No. 133, March, 1945, p. 18. 

Rubber and Rubber-Like Materials. 
of Committee D-11, 312. 


Report 


A Theory of the Mechanism of Rusting of Low 
Alloy Steels in the Atmosphere—H. R. 


Copson, p. 554. Discussion, 581. 
Ss 


Rusting. 


Salt Spray Tests. 


See also Corrosion. 
A Comparison of the Performance of Anodic 
Coatings Exposed to Salt Spray and to the 
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Weather—Junius D. Edwards. Report of 

Committee B-7, Appendix IT, 146. 
Corrosion of Non-Ferrous Metals and Alloys. 

Report of Committee B-3, 105. 


Sampling. 


Proposed Methods of Testing Askarels. Re- 
port of Committee D-9, Appendix IT, 292. 


Sand. 
See also ‘Aggregates. 
A Comparison of Absorption and Soundness 


Tests on Maine Sands—Andrew Adams and 
Horace A. Pratt, 771. 


Saturation. 


Stress Conditions for the Failure of Saturated 
Concrete and Rock—K. Terzaghi, 777. 
Discussion, 793. 


Sea Water Corrosion. 


See also Corrosion; Immersion Testing. 

The Effect of the Iron Content of Cupro- 
Nickel on Its Corrosion Resistance in “Sea 
Water”—A. W. Tracy and R. L. Hunger- 
ford, 591. Discussion, 613. 


Shellac. 


Electrical Insulating Materials. 
Committee D-9, 275. 

Paint, Varnish, Lacquer, and Related Prod- 


ucts. Report of Committee D-1, 220, 


Report of 


Ship Tests. 


Practical Electric Resistance Strain Gage 
Procedures for Structural Tests on Ships— 
W. V. Bassett, 651. Discussion, 667. 


Shipping Containers. 


Shipping Containers, 
D-10, 311. 


Report of Committee 


Sheet Material 


Compression Testing of Magnesium Alloy 
Sheet—A. A. Moore and J. C. McDonald, 
Single-Strip Compression Test for Sheet 
Materials—Harry LaTour and Don S. 
Wolford, 671. Discussion, 689. 
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Simulated Service Tests. 


Relation Between Life Testing and Conven- 
tional Tests of Materials—R. E. Peterson. 
Published in ASTM Buttetin, No. 133, 
March, 1945, p. 9. 


Size Effect. 
A Study of Size Effect and Notch Sensitivity 


_ in Fatigue Tests of Steel—H. F. Moore, 


507. Discussion, 522. 
Slag Cement. 


Proposed Specifications for Portland Blast- 
Furnace Slag Cement. Report of Com- 
_ mittee C-1, Appendix IT, 162. 


Sludge Test. 


Report on Results of Questionnaire to Utilites 
Relating to Tests on Transformer Oil in 


Service. Report of Subcommittee IV, 


Committee D-9, Appendix ITI, 302. 
j Smoothness Test. 


Proposed Methods of Test for Smoothness of 
Paper. Report of Committee D-6, Ap- 
pendix, 260. 


‘Soaps and Detergents. 


Soaps and Other Detergents. 
mittee D-12, 319. 

- Tentative Revision of Standard Methods of 

Sampling and Chemical Analysis of Soaps 


Report of Com- 


and Soap Products (D 460-44). Report 
of Committee D-12, Appendix, 322. 
Soil Removal. 
Metal Cleaning. II—Soil Removal Per- 


formance Methods—Jay C. Harris, 997. 
Soils. 


Soils for Engineering Purposes. 
Committee D-18, 354. 
A New Method for the Mechanical Analysis 
of Soils—Raul Valle-Rodas. Published in 
ASTM BuwuLtetin, No. 135, August, 1945, 
p. 44. 


Report of 


Solder. 


Non-Ferrous Metals and Alloys. Report of 
Committee B-2, 102. 


Supyect INDEX 


Solvents, 


Aromatic Petroleum Solvents. Report of 
Special Committee, Committee D-16, Ap- 
pendix II, 348. 

Cooperative Distillation Tests of Aromatic 
Hydrocarbons. Report of Committee 
D-16, Appendix I, 340. 

Proposed Method of Test for Total Olefinic 
and Aromatic Hydrocarbons in Gasoline. 
Report of Committee D-2, Appendix II, 


247. 


A Comparison of Absorption and Soundness 
Tests on Maine Sands—Andrew Adams 
and Horace A. Pratt, 771. 


Sonic Testing. 
See Dynamic Testing. 


Soundness Tests. 


Specific Gravity. 


Proposed Methods of Testing Askarels. Re- 
port of Committee D-9, Appendix IT, 292. 
A Simplified Method for the Determination of 
the Specific Gravity of Wood and Plastics— 
E. George Stern and Paul S. Dear. Pub- 
lished in ASTM Bottetin, No. 135, Au- 

gust, 1945, p. 35. 


Specimen Shape, Effect of. 


Effect of Dimensions of Specimens upon the 
Precision of Strength Data—John Tucker, 
Jr., 952. Discussion, 960. 

Effect of Length on the Strength of Compres- 
sion Test Specimens—J. Tucker, Jr., 976. 

The Effect of Specimen Shape on the Com- 
pressive Strength Properties of Laterally 
Supported Plywood Specimens—J. A. Liska, 
935. 

Effect of Type of Test Specimen on Apparent 
Compressive Strength of Concrete—Bryant 
Mather, 802. Discussion, 810. 

The Effect of Width and of Span-Depth Ratio 
on the Flexural Strength of Laminated 
Plastics—E. M. Schoenborn, George R. 
Proctor, and Jaime Carvajal, 910. Discus- 
sion, 923. 


Sponge Rubber. 


See Rubber Products. 
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SUBJECT INDEX 


See Alloy Steel; Corrosion-Resisting Alloy 
Steel. 


Standardization. 


Annual Report of the Executive Committee, 
21. 

Preparations for the Future of the A.S.T.M. 
Annual Address by the President, P. H. 
Bates, 14. 

Standards. Report of Committee E-10, 395. 

Summary of Proceedings of the Forty-eighth 
Annual Meeting,1. 

Statistical Analysis. 

Effect of Dimensions of Specimens upon the 
Precision of Strength Data—John Tucker, 
Jr., 952. Discussion, 958. 

The Maximum Stresses Present at Failure 
of Brittle Materials—J. Tucker, Jr., 961. 
Discussion, 974. 


Steel. 

Chemical Analysis of Metals. Report of 
Committee F-3, 391. 

Corrosion of Iron and Steel. Report of Com- 
mittee A-5, 66. 

The Effect of Combined Stresses on the 
Mechanical Properties of Steels Between 
Room Temperature and —188 C.—D. J. 
McAdam, Jr., G. W. Geil, and R. W. Mebs, 
448. Discussion, 482. 

The Effect of Overstress in Fatigue on the 
Endurance Life of Steel—J. B. Kommers, 
532. Discussion, 542. 

Efiect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 92. 

Electrodeposited Metallic Coatings. Report 
of Committee B-8, 149. 

Fatigue of Metals. Report of the Research 
Committee, 91. 

Field Tests of Metallic Coatings. Report of 
Subcommittee VIII, Committee A-5, 69. 
Field Tests of Wire and Wire Products. Re- 
port of Wire Inspection Committee, Com- 

mittee A-5, 70. 

Filler Metal. Report of Joint Committee, 94, 

Fracture Testing of Alloy Steels for Aircraft 
Engine Forgings—R. D. Haworth, Jr. and 
A. F. Christian, 407. Discussion, 441. 

Tron-Chromium, Iron-Chromium-Nickel and 


Related Alloys. Report of Committee 
A-10, 87. 
Performance Tests, atmospheric exposure tests 


of electroplated lead coatings on steel. 
_ Report of Subcommittee II, Committee 


B-8, 152. 

Record of failures in atmospheric exposure 
tests at Annapolis of No. 22-gage copper- 
bearing and non-copper-bearing corrugated 
black sheets. Report of Subcommittee III, 
Committee A-5, 68. 

Single-Strip Compression Test for Sheet Ma- 
terials—Harry LaTour and Don S. Wolford, 
671. Discussion, 689. 

Structural Changes in Carbon and Molyb- 
denum Steels During Prolonged Heating at 
900 to 1100 F., as Affected by Deoxidation 
Practice—G. V. Smith, R. F. Miller, and 
C. O. Tarr, 486. Discussion, 504. 

A Study of Size Effect and Notch Sensitivity 
in Fatigue Tests of Steel—H. F. Moore, 
507. Discussion, 522. 

A Theory of the Mechanism of Rusting of Low 
Alloy Steels in the Atmosphere—H. R. Cop- 
son, 554. Discussion, 581. 


Stone. 
See Aggregates. 
Storage Battery Lead. 


The Corrosion-Fatigue Properties of Some 
Hard Lead Alloys in Sulfuric Acid—David 
J. Mack, 629. 


Strain Gage. 


Practical Electric Resistance Strain Gage 
Procedures for Structural Tests on Ships— 
W. V. Bassett, 651. Discussion, 667. 

A Rubber Housing for Waterproofing the 
Bonded-Wire Strain Gage—Douglas Mc- 
Henry. Published in ASTM Buttetin, 
No. 133, March, 1945, p. 18. 


Stress Analysis 


Practical Electric Resistance Strain Gage 
Procedures for Structural Tests on Ships— 
W. V. Bassett, 651. Discussion, 667. 

Stress Conditions for the Failure of Saturated 
Concrete and Rock—K. Terzaghi, 777. 
Discussion, 793. 

A Suggested New Parameter for Fatigue 
Strength Analysis—Victor Seliger. Pub- 
lished in ASTM Buttetin, No. 132, Janu- 
ary, 1945, p. 29. 
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Structural Steel. 
See Steel. 


Sulfate Resistance. 


Report on Comparative Short-Time Tests for 
-» Sulfate Resistance of 121 Commercial Ce- 


ments—Dalton G. Miller and Charles G. 


Snyder. Report of the Working Commit- 
tee on Sulfate Resistance, Committee_C-1, 
Appendix III, 165. 

Sulfonates, Petroleum. 


See Soaps and Detergents 


Sulfur Print Method. 


Summary of Proceedings. 


A Sulfur Print Method for the Study of Crack 
Growth in the Corrosion-Fatigue of Metals 
R. C. Brumfield, 544. 


Summary of Proceedings of the Forty-eighth 
Annual Meeting, 1. 


Surface-Conversion. 


Surface-Conversion Coatings—George W. 
Jernstedt. Published in ASTM BuLLetin, 
No. 137, December, 1945, p. 29. 


Synthetic Detergents. 


See Soaps and Detergents. 


Synthetic Rubbers. 


High Temperature Oven Aging of Oil-Resist- 
ing Synthetic Rubber Compounds—G. D. 
McCarthy, A. E. Juve, H. Boxser, M. 
Sanger, S. R. Doner, E. N. Cunningham, 
J. F. McWhorter, and R. H. Crossley. 
Published in ASTM Buttetin, No. 132, 
January, 1945, p. 33. 

Rubber and Rubber-Like Materials. 
of Committee D-11, 312. 


Report 


@* 


Tall 


Naval Stores. Report of Committee D-17, 


Supyect InDEx 


A New Machine for Measuring Wear Resis- 
tance of Walkway Materials—A. W. Cizek, 
Jr., D. H. Kallas, and H. Nestlen, 943, 
Discussion, 951. 


Temperature, Effect of. 


_ The Effect of Combined Stresses on the 
Mechanical Properties of Steels Between 
Room Temperature and —188 C.—D. J. 
McAdam, Jr., G. W. Geil, and R. W. Mebs, 
448. Discussion, 482. 

Effect of Temperature on the Properties of 
Metals. Report of Joint Research Com- 
mittee, 92. 

Electrical-Heating, Electrical-Resistance, and 
Electric-Furnace Alloys. Report of Com- 
mittee B-4, 108. 

Structural Changes in Carbon and Molyb- 
denum Steels During Prolonged Heating 
at 900 to 1100 F., as Affected by Deoxida- 
tion Practice—G. V. Smith, R. F. Miller, 
and C. O. Tarr, 486. Discussion, 504. 


Templin Award. 


Richard L. Templin Award. Annual Report 
of the Executive Committee,48. = 


Tension Testing. 


Effect of Dimensions of Specimens upon the 
Precision of Strength Data—John Tucker, 
Jr., 952. Discussion, 960. 

The Maximum Stresses Present at Failure of 
Brittle Materials—J. Tucker, Jr., 961. 
Discussion, 974. 

The Testing of Portland Cements Containing 
Interground Vinsol Resin—Raymond L. 
Blaine, Jason C. Yates, and John R. 
Dwyer, 732. Discussion, 753. ited 


Terne Plate. 


Performance Tests, atmospheric exposure 
tests of electroplated coatings on steel. 
Report of Subcommittee II, Committee 
B-8, 152, 


Terpene Alcohol. 


The Determination of the Terpene Alcohol 
Content of Steam-Distilled Pine Oil—V. 
E. Grotlisch and H. N. Burstein, 1015. 


| 


Supyect INDEX 


Test Specimens. 


Effect of Dimensions of Specimens Upon the 
Precision of Strength Data—John Tucker, 
Jr., 952. Discussion, 960. 

Effect of Length on the Strength of Com- 
pression Test Specimens—J. Tucker, Jr., 
976. 

The Effect of Specimen Shape on the Com- 
pressive Strength Properties of Laterally 
Supported Plywood Specimens—J. A. Liska, 
935. 

The Effect of Width and of Span-Depth Ratio 
on the Flexural Strength of Laminated 
Plastics—E. M. Schoenborn, George R. 
Proctor, and Jaime Carvajal, 910. _Dis- 
cussion, 923. 


Testing, Physical Methods of. 


(Papers and reports covering methods of 
analysis, sampling, testing, etc., are indexed 
under the materials and subjects covered by 
them.) 


Textiles. 


Comparative * Fatigue Test Data—C. S. 
Venable. Published in ASTM Bvutietin, 
No. 136, October, 1945, p. 17. 

Recommendations Affecting Standards for 
Textile Materials. Report of Committee 
D-13, Appendix, 329. 

Standard Fatigue Tester for Use by the Rayon 
Manufacturers— Report to Committee D-13 
—W.H. Bradshaw. Published in ASTM 
BuLLETIN, No. 136, October, 1945, p. 13. 

Statistical Comparison of Rayon Tire Cord 
Fatigue Testing Machines—C. B. Budd 
and L. Larrick. Published in ASTM But- 
LETIN, No. 136, October, 1945, p. 19. 

A Suggested Method for Thorough Testing 
of Antiseptic Fabrics—Louis C. Barail. 
Published in ASTM Butietin. No. 136, 
October, 1945, p. 25. 

Textile Materials. Report of Committee 
D-13, 323. 

Tomorrow’s Textiles—Yesterday’s Test Meth- 
ods—J. B. Goldberg. Published in ASTM 
BuLLetin, No. 135, August, 1945, p. 47. 


Thermal Insulating Materials. 


Thermal Insulating Materials. Report of 
Committee C-16, 216. 
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Thermosetting and Thermoplastic Ma- 
terials. 


See Plastics. 


= 


Thermostat Metals. 


Electrical-Heating, Electrical-Resistance, and 
Electric-Furnace Alloys. Report of Com- 


mittee B-4, 108. 


Thickness Gage. 


A New Coating Thickness Gage—S. Lipson. 
Published in ASTM Butretin, No. 135, 
August, 1945, p. 20. 


Tile. 


Manufactured Masonry Units, Report of 
Committee C-15, 214. 


Timber. 
See Wood. 
Tin. 


Performance Tests, atmospheric exposure tests 
of electroplated coatings on steel. Re- 
port of Subcommittee II, Committee B-8, 
152. 


Tire Cord. 


Comparative Fatigue Test Data—C. S. 
Venable. Published in ASTM Bulletin, 
No. 136, October, 1945, p. 17. 

Standard Fatigue Tester for Use by the Rayon 
Manufacturers, Report to Committee D-13 
—W. W. Bradshaw. Published in ASTM 
BULLETIN, No. 136, October, 1945, p. 13. 

Statistical Comparison of Rayon Tire Cord 


Fatigue Testing Machines—C. B. Budd and 
L. Larrick. Published in ASTM Buttetin, 
No. 136, October, 1945, p. 19. 

Toluene. 

Aromatic Petroleum Solvents. Report of 
Special Committee, Committee D-16, Ap- 
pendix II, 348. 

Cooperative Distillation Tests of Aromatic 
Hydrocarbons. Report of Committee D- 


16, Appendix I, 340, 
Industrial Aromatic Hydrocarbons. Report 


of Committee D-16, 337. 
al Proposed Method of Test for Total Olefinic 


and Aromatic Hydrocarbons in Gasoline. 
Report of Committee D-2, Appendix II, 


247. 
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Torsion Testing. 


Effect of Dimensions of Specimens upon the 
Precision of Strength Data—John Tucker, 
Jr., 952. Discussion, 960. 

Equations for Computing Elastic Constants 

_ from Flexural and Torsional Resonant Fre- 


Total Immersion Tests. 


quencies of Vibration of Prisms and Cylin- 
Discussion, 


ders—Gerald Pickett, 846. 


864. 


See Immersion Testing. 


* Traffic Paint. 


Paint, Varnish, Lacquer, and Related Prod- 


ucts. Report of Committee D-1, 220. 


Transformer Oils. 


Electrical Insulating Materials. 
Committee D-9, 275. 

Proposed Methods of Testing Askarels. Re- 
port of Committee D-9, Appendix IT, 292. 

Report on Results of Questionnaire to Utilities 


Relating to Tests on 


Service. Report of Subcommittee IV, 
Varnish. 


Report of 


Transformer Oil in 


Committee D-9, Appendix IIT, 302. 


Paint, Varnish, Lacquer, and Related Prod- 


ucts. Report of Committee D-1, 220. 


Vibration Testing. 


Equations for Computing Elastic Constants 
from Flexural and Torsional Resonant Fre- 
quencies of Vibration of Prisms and Cylin- 


Gerald Pickett, 846. 


Discussion, 


Vinsol Resin. 


Effect of Heat on Portland Cements Contain- 
ing Vinsol Resin—-Leonard Bean and Albert 

766. 

The Testing of Portland Cements Containing 

Interground Vinsol Resin—Raymond L. 

Blaine, Jason C. Yates, and John R. Dwyer, 

732. Discussion, 753. 


= 


Litvin, 


SUBJECT INDEX 


Viscosity. 


Report on Results of Questionnaire to Utilities 
Relating to Tests on Transformer Oil in 
Service. Report of Subcommittee IV, 
Committee D-9, Appendix IIT, 302. 


Volume Change. 


Proposed Revision of the Tentative Methods 
of Physical Testing of Quicklime and Hy- 
drated Lime (C110-38T). Report of 
Committee C-7, Appendix, 206. 


{ 
Ww 


Walkway Materials. 


A New Machine for Measuring Wear Resist- 
ance of Walkway Materials—A. W. Cizek, 
Jr., D. H. Kallas, and H. Nestlen, 943. 
Discussion, 951. 


Water. 


Proposed Methods for Determination of Dis- 
solved Oxygen in Industrial Waters. Pub- 
lished in ASTM Bu tterin, No. 137, 
December, 1945, p. 19. 

Proposed Methods of Test for Dissolved Oxy- 
gen in Industrial Waters. Report of Com- 
mittee D-19, Appendix, 360. 

Water for Industrial Uses. Report of Com- 
mittee D-19, 356. 


Water Retention Test. 


Proposed Revision of the Tentative Methods 
of Physical Testing of Quicklime and Hy- 
drated Lime (C 110-38T). Report of 
Committee C-7, Appendix, 206. 


Waterproofing. 


A Rubber Housing for Waterproofing the 
Bonded-Wire Strain Gage—Douglas Mc- 
Henry. Published in ASTM Buttetin, 


No. 133, March, 1945, p. 18. _ 


A New Machine for Measuring Wear Resist- 
ance of Walkway Materials—A. W. Cizek, 
Jr., D. H. Kallas, and H. Nestlen, 943. 


Discussion, 951. 
See also Corrosion. 


A Comparison of the Performance of Anodic 


Wear Resistance. 


Weathering. 
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Coatings Exposed to Salt Spray and to the Supported Plywood Specimens—J. A. Lis- 
Weather—Junius D. Edwards. Report of ka, 935. 
Committee B-7, Appendix IT, 146. Fire Tests of Materials and Construction. 
Corrosion of Non-Ferrous Metals and Alloys. Report of Committee C-5, 201. 
Report of Committee B-3, 105. Methods Used for the Measurement of the 


Subcommittee VIII, Committee A-5, 69. lap. Report of Committee D-7, Appendix, 
Field Tests of Wire and Wire Products. 269. 
Report of Wire Inspection Committee, A Simplified Method for the Determination of 


Field Tests of Metallic Coatings. Report _ Moisture Content of Wood—M. E. Dun- 


Committee A-5, 70. the Specific Gravity of Wood and Plastics— 
Paint, Varnish, Lacquer, and Related Prod- E. George Stern and Paul S. Dear. Pub- 
ucts. Report of Committee D-1, 220. lished in ASTM Buttetin, No. 135, 
Record of failures in atmospheric exposure August, 1945, p. 35. 
tests at Annapolis of No. 22-gage copper- Some Factors in the Interpretation of Small- 
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